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(57) ABSTRACT 

A method, an apparatus and a system are provided for deriv 
ing a characteristic of a product using X-rays. X-ray image 
data associated with the product is received, the X-ray image 
data being derived by performing an X-ray scan of the prod 
uct using an X-ray imaging apparatus and conveying attenu 
ation information resulting from interaction of X-rays with 
the product. A response of a reference product to X-rays is 
then simulated to generate simulated X-ray image data. The 
simulated X-ray image data and the received X-ray image 
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of the product. Information conveying the derived character 
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objects is also provided. 
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METHOD AND SYSTEM FOR PERFORMING 
X-RAY INSPECTION OF A PRODUCTATA 

SECURITY CHECKPOINT USING 
SIMULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

For the purpose of the United States, the present applica 
tion claims the benefit of priority under 35 USC S 119 based 
O 

U.S. provisional patent application Ser. No. 61/151242 
filed on Feb. 10, 2009 by Luc Perronetal. and presently 
pending. 

PCT International Patent Application serial number PCT/ 
CA2009/000395, entitled “Method and system for per 
forming X-ray inspection of a liquid product at a secu 
rity checkpoint, filed in the Canadian Receiving Office 
on Mar. 27, 2009 by Optosecurity Inc. et al. and pres 
ently pending. 

PCT International Patent Application Ser. No. PCT/ 
CA2009/000401 entitled “Method and apparatus for 
assessing properties of liquids by using X-rays', filed in 
the Canadian Receiving Office on Mar. 27, 2009 by 
Optosecurity Inc. et al. and presently pending. 

U.S. provisional patent application Ser. No. 61/182,243 
filed on May 29, 2009 by Dan Gudmundson et al. and 
presently pending. 

The contents of the above-referenced patent documents are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to technologies for perform 
ing inspection of a product using penetrating radiation Such as 
X-rays. The invention has numerous applications; in particu 
lar it can be used for Scanning bottles holding liquid Sub 
stances at airport security checkpoints. 

BACKGROUND 

Some liquids or combinations of liquids and other com 
pounds may cause enough damage to bring down an aircraft. 
As a result, authorities have implemented a ban of most 
liquids, gels and aerosols in cabin baggage. The results of 
Such a ban have been disruptions in operations (e.g., a longer 
screening process; a change of focus for screeners; additional 
line-ups), major inconveniences for passengers (as well as 
potential health hazards for some) and economic concerns 
(e.g., increased screening costs; lost revenues for airlines and 
duty free shops; large quantities of confiscated—including 
hazardous—merchandise to dispose of), and so on. 

Commercially available X-ray Screening systems provide 
methods for detecting low level bulk explosive. Such methods 
typically detect explosives by estimating the effective atomic 
numbers (Z values) of the products under inspection from 
an X-ray image of that product, the X-ray image being gen 
erated by a dual energy X-ray machine. Although Such meth 
ods are generally precise enough for detecting some high 
density and high Z. plastics explosives, they are inadequate 
for assessing the threat status of liquids. 

In light of the above, there is a need to provide an improved 
technology-based solution for performing inspection of prod 
ucts, and in particular for performing inspection of liquid 
products, that alleviates at least in part the deficiencies of the 
existing systems. 
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2 
SUMMARY 

In accordance with a broad aspect, the present invention 
provides a method for assessing a threat status of a liquid 
product under inspection at a security checkpoint. The liquid 
product is comprised of a bottle holding a liquid, wherein the 
bottle is at least partially filled with liquid. The method com 
prises receiving X-ray image data associated with the liquid 
product, the X-ray image data being derived by performing an 
X-ray Scan of the liquid product using an X-ray imaging 
apparatus and conveying attenuation information resulting 
from interaction of X-rays with the liquid product. The 
method also comprises simulating a response of a reference 
liquid product to X-rays to generate simulated X-ray image 
data and processing the simulated X-ray image data and the 
received X-ray image data to determine the threat status of the 
liquid product under inspection. The method further com 
prises releasing information conveying the determined threat 
status of the liquid product. 

In a specific example of implementation, the reference 
liquid product is comprised of a reference bottle and a refer 
ence liquid. The method comprises deriving a virtual model 
of the reference liquid product and using the virtual model of 
the reference liquid product to simulate the response of the 
reference liquid product to X-rays and generate the simulated 
X-ray image data. 

In a specific example of implementation, deriving the Vir 
tual model of the reference liquid product comprises gener 
ating a set of candidate virtual models and selecting a virtual 
model from the set of candidate virtual models at least in part 
by simulating responses to X-rays of the candidate virtual 
models and comparing the simulated responses to X-rays to 
the X-ray image data associated with the liquid product under 
inspection. In a non-limiting example of implementation, 
selecting at least one virtual model from the set of candidate 
virtual models comprises: 

a) simulating responses to X-rays of the candidate virtual 
models in the set of candidate virtual models to obtain 
simulated X-ray data; 

b) effecting a comparison between the simulated X-ray 
data to the X-ray data associated to the liquid product 
under inspection; 

c) selecting the at least one virtual model from the set of 
candidate virtual models as the virtual model of the 
reference liquid product at least in part based on the 
comparison between the simulated X-ray data and the 
X-ray data associated to the liquid product under inspec 
tion. 

In a specific example of implementation, the candidate 
virtual models are generated in part by deriving geometric 
information from the X-ray image data associated with the 
liquid product under inspection. In a non-limiting example of 
implementation, the set of candidate virtual models generated 
includes virtual models of bottles having various cross-sec 
tional shapes including for example, bottles having a gener 
ally circular shape, a generally elliptical shape, a generally 
rectangular shape and/or a generally square shape. Option 
ally, the set of candidate virtual models may also include 
candidate virtual models associated with different levels of 
fill. For example, for a given bottle shape, multiple levels of 
fill may be considered (e.g. 25% full of liquid, 50% full of 
liquid, 75% full of liquid, 100% full of liquid). 

In a specific example of implementation, the set of candi 
date virtual models includes candidate virtual models associ 
ated to different liquid substances from a set of reference 
liquid Substances. In a non-limiting example of implementa 
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tion, the set of reference liquid Substances includes at least 
one reference liquid Substance that constitutes a threat. 

In a specific example of implementation, the X-ray image 
data associated with the liquid product under inspection is 
derived using a single view X-ray machine. 

In an alternative specific example of implementation, the 
X-ray image data associated with the liquid product under 
inspection is derived using a multi-view X-ray machine. In 
Such an implementation, the X-ray image data conveys a first 
X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a first orientation and a second 
X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a second orientation. The method 
comprises deriving a virtual model of the reference liquid 
product based at least in part on the first X-ray image and the 
second X-ray image and using the virtual model of the refer 
ence liquid product in simulating responses of the reference 
liquid product to X-rays in the first orientation, the second 
orientation or both the first and the second orientations to 
generate simulated X-ray image data. 

In a non-limiting specific example of implementation, the 
liquid product is Supported by a tray while the liquid product 
is subjected to an X-ray inspection at a security checkpoint to 
determine the threat status of the bottle filled with liquid. The 
bottle has a top extremity and a bottom extremity and the tray 
is configured to hold the bottle in an inclined position Such 
that a meniscus in the bottle filled with liquid has a tendency 
to migrate toward one of the extremities of the bottle filled 
with liquid. Alternatively, the tray may be a conventional tray 
with a flat bottom surface. 

In accordance with another broad aspect, the invention 
provides a computer readable storage medium storing a pro 
gram element Suitable for execution by a computing appara 
tus for assessing a threat status of a liquid product under 
inspection at a security checkpoint, the liquid product being 
comprised of a bottle holding a liquid, wherein the bottle is at 
least partially filled with liquid. The computing apparatus 
comprises a memory unit and a processor operatively con 
nected to the memory unit. The program element, when 
executing on the processor, is operative for assessing the 
threat status of a liquid product in accordance with the above 
described method. 

In accordance with yet another broad aspect, the invention 
provides an apparatus for assessing a threat status of a liquid 
product under inspection at a security checkpoint, where the 
liquid product is comprised of a bottle holding a liquid and 
wherein the bottle is at least partially filled with liquid. The 
apparatus comprises an input, a processing unit and an output 
and is operative for assessing the threat status of a liquid 
product in accordance with the above-described method. 

In accordance with a further broad aspect, the invention 
provides a system Suitable for assessing a threat status of a 
liquid product under inspection at a security checkpoint. The 
liquid product is comprised of a bottle holding a liquid, 
wherein the bottle is at least partially filled with liquid. The 
system comprises an inspection device for performing an 
X-ray inspection on the liquid product using penetrating 
radiation to generate an X-ray image of the liquid product. 
The system also comprises an apparatus for assessing the 
threat status of the liquid product. The apparatus comprises an 
input, a processing unit and an output and is operative for 
assessing the threat status of a liquid product in accordance 
with the above-described method. The system further com 
prises a display screen in communication with the output of 
the apparatus for visually conveying to an operator the 
assessed threat status of the liquid product based on informa 
tion released by the apparatus. 
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4 
In accordance with another broad aspect, the invention 

provides an apparatus for assessing a threat status of a liquid 
product under inspection at a security checkpoint. The liquid 
product is comprised of a bottle holding a liquid, wherein the 
bottle is at least partially filled with liquid. The apparatus 
comprises means for receiving X-ray image data associated 
with the liquid product, the X-ray image data being derived by 
performing an X-ray scan of the liquid product using an X-ray 
imaging apparatus and conveying attenuation information 
resulting from interaction of X-rays with the liquid product. 
The apparatus also comprises means for simulating a 
response of a reference liquid product to X-rays to generate 
simulated X-ray image data. The apparatus also comprises 
means for processing the simulated X-ray image data and the 
received X-ray image data to determine the threat status of the 
liquid product and means for releasing information convey 
ing the determined threat status of the liquid product. 

In accordance with another broad aspect, the invention 
provides a method for deriving a characteristic of a product 
using X-rays. The method comprises receiving X-ray image 
data associated with the product, the X-ray image data being 
derived by performing an X-ray Scan of the product using an 
X-ray imaging apparatus and conveying attenuation informa 
tion resulting from interaction of X-rays with the product. 
The method also comprises simulating a response of a refer 
ence product to X-rays to generate simulated X-ray image 
data and processing the simulated X-ray image data and the 
received X-ray image data to derive the characteristic of the 
product. The method further comprises releasing information 
conveying the derived characteristic of the product. 

In specific examples of implementation, the reference 
product may be comprised of a reference liquid product, a 
reference Solid explosive, a reference Substance (e.g. drug) 
and/or any other type of Substance or compound having 
known characteristics. 

In specific example of implementation, the derived char 
acteristic of the product may convey, for example, material 
density information, material type information, material 
chemical formula, a threat status, one or more linear attenu 
ation coefficients and/or an effective atomic number (Z. 
number) amongst other characteristics. Optionally, a toler 
ance level may also be associated with the characteristics of 
the reference product. As a result, the reference product may 
be associated with a range of values for a given characteristic 
(e.g. density-tAdensity, ZeffitAZeff). In a non-limiting 
example of implementation, the one or more linear attenua 
tion coefficients include X-ray attenuation coefficients asso 
ciated to respective portions of the X-ray spectrum. Option 
ally, the one or more linear attenuation coefficients may also 
include an average low energy linear attenuation coefficient 
and an average high energy linear attenuation coefficient. 

In a specific example of implementation, the method com 
prises deriving a virtual model of the reference product and 
using the virtual model of the reference product in simulating 
the response of the reference product to X-rays to generate the 
simulated X-ray image data. 
The virtual model of the reference product may be derived 

in a number of different manners. 
In a specific example of implementation, deriving the Vir 

tual model of the reference product includes generating a set 
of candidate virtual models. The candidate virtual models 
may be generated by processing the X-ray image data asso 
ciated with the product under inspection to derive geometric 
information associated with the product and using the derived 
geometric information associated with the product to gener 
ate one or more candidate virtual models. In a specific 
example of implementation, the candidate virtual models 
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generated include virtual models associated to different sub 
stances from a set of reference Substances. Once the candidate 
virtual models are generated, at least one virtual model is 
selected at least in part by simulating responses to X-rays of 
the candidate virtual models. In a specific implementation, 
responses to X-rays of the candidate virtual models are simu 
lated to obtain simulated X-ray data. Following this, a com 
parison between the simulated X-ray data and the X-ray data 
associated to the product under inspection is performed. At 
least one virtual model is then selected as the virtual model of 
the reference product at least in part based on results of the 
comparison between the simulated X-ray data and the X-ray 
data associated to the product under inspection. 

In a specific example of implementation, the X-ray image 
data associated with the liquid product under inspection is 
derived using a single view X-ray machine. 

In an alternative specific example of implementation, the 
X-ray image data associated with the liquid product under 
inspection is derived using a multi-view X-ray machine. In 
Such an implementation, the X-ray image data conveys a first 
X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a first orientation and a second 
X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a second orientation. 

In accordance with another broad aspect, the invention 
provides a computer readable storage medium storing a pro 
gram element Suitable for execution by a computing appara 
tus for deriving a characteristic of a product based in part on 
an X-ray image of the product. The computing apparatus 
comprises a memory unit and a processor operatively con 
nected to the memory unit. The program element, when 
executing on the processor, is operative for deriving the char 
acteristic of the product in accordance with the above-de 
scribed method. 

In accordance with yet another broad aspect, the invention 
provides an apparatus for deriving a characteristic of a prod 
uct based in part on an X-ray image of the product in accor 
dance with the above-described method. 

In accordance with a further broad aspect, the invention 
provides a system Suitable for deriving a characteristic of a 
product. The system comprises an inspection device for per 
forming an X-ray inspection on the product using penetrating 
radiation to generate an X-ray image of the product. The 
system also comprises an apparatus having an input, a pro 
cessing unit and an output where the processing unit is opera 
tive for deriving the characteristic of the liquid product in 
accordance with the above-described method. The system 
further comprises a display screen in communication with the 
output of the apparatus for visually conveying to an operator 
the derived characteristic of the product based on information 
released by the apparatus. 

In accordance with yet another broad aspect, the invention 
provides an apparatus for simulating a response of a reference 
product to X-rays. The apparatus comprises a processor for 
processing characterization data associated with a reference 
product to generate simulated X-ray image data associated 
with the reference product by modelling interactions between 
X-rays and the reference product. 

In accordance with specific examples of implementation, 
the characterization data may convey different types of infor 
mation related to the reference product, including for 
example, but not limited to, shape information, material type 
information and positioning information for positioning the 
reference product relative to a source of X-rays. 

In accordance with yet another broad aspect, the invention 
provides a method for simulating a response of a reference 
product to X-rays. The method comprises processing charac 
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6 
terization data associated with a reference product to generate 
simulated X-ray image data associated with the reference 
product by modelling interactions between X-rays and the 
reference product. The method also comprises releasing the 
simulated X-ray image data. 

In accordance with yet another broad aspect, the invention 
provides a computer readable storage medium storing a pro 
gram element Suitable for execution by a computing appara 
tus for simulating a response of a reference product to X-rays. 
The computing apparatus comprises a memory unit and a 
processor operatively connected to the memory unit. The 
program element, when executing on the processor, is opera 
tive for simulating the response of the reference product to 
X-rays in accordance with the above-described method. 

In accordance with yet another broad aspect, the invention 
provides an apparatus for simulating a response of a reference 
product to X-rays. The apparatus comprises a simulation 
engine for processing characterization data associated with 
the reference product to model interactions between X-rays 
and the reference product and generate simulated X-ray data. 
The characterization data conveys shape information associ 
ated with the reference product and material type information 
associated with the reference product. The apparatus also 
comprises an output in communication with the simulation 
engine for releasing the simulated X-ray image data. 

In accordance with a specific implementation, the charac 
terization data associated with the reference product is 
derived at least in part based on geometric information asso 
ciated with a real product. In a non-limiting example, the 
characterization data associated with the reference product is 
derived from X-ray image data associated with the real prod 
uct. The X-ray image data is derived by performing an X-ray 
scan of the real product using an X-ray imaging apparatus and 
conveys attenuation information resulting from interaction of 
X-rays with the real product. 

In accordance with a specific implementation, the appara 
tus comprises a product characterisation module for process 
ing X-ray image data associated to the real product to derive 
the geometric information associated with the real product 
and derive the characterization data associated with the ref 
erence product based in part on the geometric information 
associated with the real product. 

In accordance with a specific implementation, the appara 
tus comprises an input for receiving the X-ray image data 
associated with the real product for processing by the product 
characterisation module. The X-ray image data is derived by 
performing an X-ray scan of the real product using an X-ray 
imaging apparatus and conveys attenuation information 
resulting from interaction of X-rays with the real product. 

In accordance with yet another broad aspect, the invention 
provides a method for deriving a characteristic of a product. 
The method comprises processing characterization data asso 
ciated with the product to generate simulated X-ray image 
data by modelling interactions between X-rays and the prod 
uct. The method also comprises processing the simulated 
X-ray image data to derive the characteristic of the product 
and releasing data conveying the derived characteristic of the 
product. 

In a specific example of implementation, the characteristic 
of the product is derived at least in part by comparing the 
X-ray image data associated with the product to the simulated 
X-ray image data. 

In accordance with another broad aspect, the invention 
provides an apparatus for deriving a characteristic of a prod 
uct, the apparatus comprising an input, a processing unit and 
an output. The apparatus is for deriving a characteristic of a 
product in accordance with the above described method. 
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Other aspects and features of the present invention will 
become apparent to those ordinarily skilled in the art upon 
review of the following description of specific embodiments 
of the invention in conjunction with the accompanying Fig 
U.S. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of examples of implementation of 
the present invention is provided herein below with reference 
to the following drawings, in which: 

FIG. 1 shows a system for assessing a characteristic of a 
product at a security checkpoint in accordance with a specific 
example of implementation of the invention; 

FIG. 2 is a diagrammatic representation of an inspection 
device suitable for use in the system depicted in FIG. 1 in 
accordance with a specific example of implementation of the 
invention; 

FIG. 3 is a block diagram of a processing module for 
assessing a characteristic of a product suitable for use in the 
system depicted in FIG. 1 in accordance with a specific 
example of implementation of the invention; 

FIGS. 4A, 4B, 4C, 4D and 4E are flow diagrams of a 
process implemented by the system depicted in FIG. 1 in 
accordance with a specific example of implementation of the 
invention; 

FIG. 5 is a top perspective view of a tray for positioning a 
bottle in an inclined position during X-ray inspection accord 
ing to a non-limiting example of implementation of the inven 
tion; 

FIG. 6A is an X-ray image of three (3) bottles each at least 
partially filled with liquid in accordance with a specific 
example of implementation of the invention; 

FIG. 6B shows visual representations of reconstructed 3-D 
images of the three (3) bottles depicted in the X-ray image of 
FIG. 6A in accordance with a specific example of implemen 
tation of the invention; 

FIG. 7 is a block diagram of an X-ray simulator device 
Suitable for use in connection with the processing module 
depicted in FIG. 3 in accordance with a specific example of 
implementation of the invention; 

FIG. 8 is a cutaway side view of a bottle partially filled with 
liquid and maintained in an inclined position in accordance 
with a non-limiting example of implementation of the inven 
tion; 

FIG. 9 is a graph depicting a source spectrum of an X-ray 
tungsten source in an X-ray device in accordance with a 
non-limiting example of implementation of the invention; 

FIG. 10 is a graph depicting a theoretical scintillator 
response Y(E); 

FIG. 11 is a graph showing attenuation coefficients of 
Cesium iodide (CsI) and copper (Cu) for different energy 
levels; 

FIG. 12 shows an X-ray image derived by subjecting three 
(3) slabs of different materials to X-rays; 

FIG. 13 is a graph showing relative errors between simu 
lated intensities (grey levels) and the observed intensities as a 
function of an estimated low energy Scintillator (detector) 
thickness, the simulated intensities being generated in accor 
dance with a non-limiting example of implementation of the 
invention; 

FIG. 14 is a graph depicting the detected low energy spec 
trum after optimisation of the low scintillator thickness; 

FIG. 15 is a graph depicting a spectral response obtained 
for the low energy scintillator optimized for a determined low 
Scintillator thickness; 
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8 
FIG. 16 is a graph showing relative errors between simu 

lated intensities (grey levels) and the observed intensities as a 
function of an estimated copper filter thickness, the simulated 
intensities, being generated in accordance with a non-limiting 
example of implementation of the invention; 

FIG. 17 is a graph depicting the detected high spectrum 
after copper filter thickness optimisation; 

FIG. 18 is a graph depicting the high spectral response 
obtained for the high energy scintillator optimized for a deter 
mined copper filter thickness; 

FIG. 19 is a block diagram of a computing apparatus Suit 
able for use in connection with the processing module illus 
trated in FIG. 3 in accordance with a specific example of 
implementation of the invention; 

FIG. 20 is a block diagram of a computing apparatus Suit 
able for use in connection with the apparatus illustrated in 
FIG. 3 in accordance with an alternative specific example of 
implementation of the invention; and 

FIG.21 shows a functional block diagram of a client-server 
system suitable for assessing a characteristic of a product at a 
security checkpoint in accordance with an alternative specific 
example of implementation of the present invention. 

In the drawings, embodiments of the invention are illus 
trated by way of example. It is to be expressly understood that 
the description and drawings are only for purposes of illus 
tration and as an aid to understanding, and are not intended to 
be a definition of the limits of the invention. 

DETAILED DESCRIPTION 

For the purpose of the present description, a “bottle holding 
a liquid” refers to the combination of a body of liquid and the 
container in which the liquid is contained. For the purposes of 
this specification, “liquid” refers to a state of matter that is 
neither gas nor Solid, that generally takes the shape of the 
container in which it is put and has a characteristic readiness 
to flow. Heterogeneous liquids would also be encompassed 
by such a definition. 

In addition, a “bottle' refers to the container in which the 
liquid is contained. Although the term “bottle' typically 
refers to a cylindrical container that is used to contain liquids 
(namely beverages), a bottle in this specification refers to any 
enclosing structure that is made from a material that is Suit 
able to hold the liquid contained within. Such containers 
include but are not limited to rigid containers, such as a glass 
bottle or metal (e.g. Aluminum) containers, as well as semi 
rigid containers, such as a bottle made of polyvinyl chloride 
(PVC), polyethylene or of similar flexible materials. The 
bottle may be of any shape including generally cylindrical 
bottles, such as those used for beverages (e.g. a wine bottle or 
a can of a soft drink), Square bottles used for beverage and 
non-beverage liquids (e.g. a carton of milk or fruit juice), 
elliptical bottles and/or rectangular bottles, as well as bottles 
of any other suitable shapes. Each bottle has a transverse 
dimension and a longitudinal dimension that defines an over 
all size Suitable to be carried in hand-carried luggage that is 
allowed onboard a commercial aircraft. In the case of cylin 
drical bottles, the transverse dimension is defined by the 
diameter of the bottle, which may differ between a bottom end 
and a tapered top end of the bottle. For example, bottles 
containing wine traditionally have a larger circumference at 
their bottom end that narrows as the bottle tapers at the top 
end. Without intent of being bound by any specific definition, 
bottles filled with liquid of an overall size suitable for trans 
port in hand-carried luggage allowed onboard a commercial 
aircraft are those that have a transverse dimension that is less 
than 5 inches, preferably less than 4 inches, and most prefer 
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ably less than 3 inches. However, these dimensions are 
merely guidelines and may vary depending on the rules and 
regulations enforced for Such articles by local, national and 
international transportation organizations. 

Specific examples of implementation of the invention will 
now be described with reference to the figures. 
Shown in FIG. 1 is a screening system 100 suitable for 

deriving one or more characteristics of a product under 
inspection at a security checkpoint in accordance with a spe 
cific example of implementation of the present invention. 

For the purpose of simplicity, the present description will 
focus on an embodiment of the invention in which the product 
under inspection is a liquid product comprised of a bottle at 
least partially filled with liquid and the one or more charac 
teristics derived by the system 100 include a threat status 
associated with the liquid product. It will be appreciated that 
alternative embodiments of the invention may be configured 
to determine other characteristics of liquid products. For 
example, alternative embodiments of the invention may be 
configured to derive material density information, material 
type information, material chemical formula, one or more 
linear attenuation coefficients and/or effective atomic number 
(Z. number) from an X-ray image associated with the liquid 
product under inspection. It will also be appreciated that 
alternative embodiments of the invention may be configured 
to determine characteristics of products other than liquid 
products. For example, alternative embodiments of the inven 
tion may be configured to detect the presence of Solid explo 
sives, drug Substances or other non-liquid Substances by 
deriving characteristics of the product under inspection, Such 
as material density information, material type information, 
material chemical formula, one or more linear attenuation 
coefficients and/or effective atomic number (Z. number). 
Such alternative embodiments will become apparent to the 
person skilled in the art in light of the present description. 
As depicted, the system 100 includes an inspection device 

102 for Scanning objects, a processing, module 112 for pro 
cessing data generated by the inspection device 102 and a 
display device 150 for visually conveying information to a 
security operator, the information being derived by the pro 
cessing module 112 and pertaining to the products/objects 
being scanned by the inspection device 102. 

The inspection device 102 scans a liquid product using 
penetrating radiation to generate X-ray data conveying an 
X-ray image of the liquid product. The X-ray image data 
conveys attenuation information resulting from interaction of 
X-rays with the liquid product. The processing module 112 
receives the X-ray data from the inspection device 102 and 
processes that data to derive information related to the threat 
status of that liquid product. 
More specifically, the processing, module 112 derives 

characteristics associated with the liquid product under 
inspection by simulating a response of a reference liquid 
product to X-rays. A purpose of the simulation is to be able to 
predict output intensity of the X-ray inspection device 102 
(shown in FIG. 1) at high and low energies based on some 
level of knowledge (or assumption) of the chemical formula, 
density and optical path length of the reference product. The 
reference product is associated with known characteristics 
based on which simulated X-ray image data is generated. In a 
non-limiting example, the simulated X-ray image data is 
compared with the “real X-ray image data and the result of 
the comparison is used to confirm and/or infer the nature of 
the liquid product under inspection. Specific examples of 
approaches for simulating responses of products to X-rays 
and for deriving characteristics associated with the liquid 
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10 
product based on simulated responses, including determining 
the threat status of the liquid product, will be described later 
on in the specification. 
Once characteristics associated with the liquid product 

have been determined, the processing module 112 releases 
information conveying these characteristics to a security 
operator. The display device 150, shown in the figure as a 
display Screen, visually conveys to an operator the deter 
mined characteristics of the liquid product, including the 
threat status of the liquid product, based on the information 
released by the processing module 112. 

Advantageously, the system 100 can provides assistance to 
human security personnel in assessing the threat status of a 
liquid product, including full bottles and partially filled 
bottles, during security Screening. 
The components of the system 100 depicted in FIG. 1 will 

now be described in greater detail. 
Display Device 150 
The display device 150 may be any device suitable for 

visually conveying information to a user of the system 100. 
The display device 150 may be part of a computing station, as 
shown in FIG. 1, may be part of a centralized security station 
and located remotely from the inspection device 102 or may 
be integrated into a hand-held portable device (not shown) for 
example. In another specific example of implementation, the 
display device 150 includes a printer adapted for displaying in 
printed format information related to the determined threat 
status of the liquid product under inspection. The person 
skilled in the art will readily appreciate, in light of the present 
specification, that other Suitable types of output devices may 
be used. 

In a specific example of implementation, the display device 
150 displays to a user of the system 100 a graphical user 
interface conveying the determined characteristic(s) of the 
liquid product, including for example the determined threat 
status of the liquid product, based on the information released 
by the processing module 112. The graphical user interface 
(GUI) may also provide functionality for permitting interac 
tion with a user. 
The specific manner in which the information is visually 

conveyed to a human operator may vary from one implemen 
tation to the other. 

In a first example of implementation, the information con 
veying the determined threat status of the liquid product 
conveys the threat status in terms of a level of threat. The level 
of threat may be represented as alpha-numeric characters 
(e.g. SAFE/UNSAFE/UNKNOWN), a color indicator (e.g. 
RED for unsafe; GREEN for safe and YELLOW for 
UNKNOWN) and/or using any other suitable manner of con 
veying a level of threat. 

In a second example of implementation, the information 
conveying the determined threat status of the liquid product 
provides information as to the nature of the liquid product 
being screened. For example, the GUI may indicate that the 
liquid product may be water, orange juice, hydrogen peroxide 
and so on. Optionally, when indicating the nature of the liquid 
product, a level of confidence in the determination may be 
displayed. For example, the GUI may indicate that the liquid 
product is likely to be water with a level of confidence of 80%. 

It will be readily apparent to the person skilled in the art 
that other types of information may be displayed by display 
device and that the examples provide above have been pro 
vided here for the purpose of illustration only. 
Inspection Device 102 

In a specific example of implementation, the inspection 
device 102 is in the form of an X-ray machine typical of the 
type of device used to scan luggage at Security checkpoints 
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within airports and other locations. The X-ray machine may 
be a single view X-ray machine or a multi-view X-ray 
machine. For the purpose of simplicity, the present descrip 
tion will primarily focus on implementations in which the 
X-ray machine is of a single-view type. Variants of the inven 
tion taking advantage of the multiple X-ray images generated 
by multi-view X-ray machines will also be presented. 

The inspection device 102 will now be described in greater 
detail with reference to FIG. 2. As depicted, the inspection 
device 102 includes a scanning area 104, a conveyor belt 106, 
an X-ray source 108 and an array of X-ray detectors 110. The 
inspection device 102 performs an X-ray inspection on a 
liquid product using penetrating radiation in the form of 
X-rays to generate X-ray image data associated with the 
liquid product. 
The scanning area 104 (also referred to as a scanning 

tunnel) is defined by an enclosed void between the X-ray 
source 108 and the array of X-ray detectors 110, in which the 
objects to be scanned are subjected to penetrating radiation, 
Such as X-rays. The scanning area 104 is typically horizon 
tally oriented and is dimensioned both vertically and horizon 
tally to accommodate the types of objects to be scanned, 
including articles of hand-carried luggage allowed onboard a 
commercial aircraft, such as handbags, backpacks, briefcases 
and shopping bags, among others. The scanning area 104 is 
centrally traversed by a conveyor belt 106 that is used to 
convey objects to be scanned both into and out of the scanning 
area 104 and is described below. 
The objects to be scanned can be placed either directly on 

the conveyor belt 106 or in one or more trays that are then 
placed on the conveyor belt 106. 

The conveyor belt 106 is a horizontally-oriented continu 
ous belt of material arranged in an endless loop between two 
terminal rollers. The belt 106 has an exterior surface on which 
objects or trays containing the objects to be scanned are 
placed, as well as an interior surface within which the termi 
nal rollers (as well as other guide rollers and/or Supports) lie. 
The width of the conveyor belt 106 is sufficient to accom 

modate the placement of trays within which the objects to be 
scanned are placed, while its overall length is sufficient to 
create an endless loop whose length includes: 
A pre-scanning area that lies before the scanning area 104. 
where the objects to be scanned are placed on the belt 
106; 

The Scanning area 104, where the objects being Scanned 
are subjected to penetrating radiation (i.e. X-rays); and 

A post-Scanning area that lies after the Scanning area 104. 
where the objects that have been scanned emerge after 
being Subjected to penetrating radiation. It is in that area 
that a user can pick up his or her objects after the security 
Screening operation is completed. 

It is worth noting that the terminal rollers constituting the 
end points of the conveyor belt 106 at the pre-scanning and 
post-Scanning areas may be connected to motors (not shown) 
that allow an operator to move the belt 106 forwards or 
backwards to displace the objects to be scanned between 
different areas of the X-ray inspection device 102. 
The X-ray source 108 is the source of penetrating radiation 

(in this case, X-ray radiation). The X-ray source 108 is 
located opposite to the array of X-ray detectors 110 so that 
X-rays emitted by the source 108 pass through the objects that 
are located on the conveyor belt 106 and are detected by the 
array of X-ray detectors 110 as a result. In a non-limiting 
example, the inspection device 102 is a dual-energy X-ray 
scanner and the X-ray source 108 emits X-rays at two distinct 
photon energy levels, either simultaneously or in sequence. 
Example energy levels include 50 keV (50 thousand electron 
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volts) and 150 keV, although persons skilled in the art will 
appreciate that other energy levels are possible. 
The array of X-ray detectors 110 detects the penetrating 

radiation (such as X-rays) that was emitted by the X-ray 
source 108 and that penetrated the objects to be scanned. The 
array of X-ray detectors 110 is located opposite to the X-ray 
source 108 so that X-rays that are emitted by the source 108 
pass through the objects that are located on the conveyor belt 
106 and are detected by the array 110. 

In a non-limiting example of implementation, liquid prod 
ucts that are to be inspected are positioned at a known angle 
(e.g. by means of a tray having an inclined bottom Surface) 
while being scanned by the inspection device 102. By setting 
a bottle filled with liquid in an inclined position, the meniscus 
will tend to migrate toward one of the extremities of the 
bottle. In a specific and non-limiting example of implemen 
tation, the liquid products are inclined at a 15° angle from the 
horizontal plane. It can be appreciated that, in other specific 
examples of implementation, the angle of incline relative to 
the horizontal plane can be in the range from about 5° to about 
30° and preferably in the range from about 10° to about 20°. 
In a further specific and non-limiting example of implemen 
tation, the angle of incline is in the range from about 10° to 
about 15°. This may be achieved through the use of a tray 
having an included bottom surface, of the type depicted in 
FIG. 5, for example. For specific examples of trays allowing 
positioning liquids products in inclined positions during 
screening, the reader is invited to refer to PCT International 
Patent Application serial number PCT/CA2008/002025 filed 
in the Canadian Receiving Office on Nov. 17, 2008 by Michel 
Roux et al. and presently pending. The contents of the afore 
mentioned documents are incorporated herein by reference. 

It is to be appreciated that, in alternative examples of 
implementation, the liquid products under inspection may be 
positioned in any orientation and any angle, including being 
positioned in a Substantially horizontal plane, while being 
scanned by the inspection device 102. 

It is to be appreciated that, in yet other alternative examples 
of implementation, the liquid products under inspection may 
be positioned within a piece of luggage while being Scanned 
by the inspection device 102. 
Processing Module 112 
The processing module 112 is in communication with the 

inspection device 102 and receives the X-ray image data 
output by the array of X-ray detectors 110. In the example 
depicted in FIGS. 1 and 2, the processing module 112 is 
shown as a component external to the inspection device 102. 
It will be appreciated that, in alternate example of implemen 
tation of the system 100, the functionality of processing mod 
ule 112 may be integrated within the inspection device 102. 
The processing module 112 uses the X-ray image data 

output generated by the array of X-ray detectors 110 of the 
inspection device 102 to generate an X-ray image of the 
contents being scanned. The X-ray image data can be pro 
cessed and/or analyzed further using automated means, as 
will be shown below. 
A specific example of implementation of the processing 

module 112 is depicted in FIG. 3 of the drawings. 
As shown, the processing module 112 includes an input 

300 in communication with the inspection device 102 for 
receiving there from X-ray image data, a processor 302 in 
communication with the input 300, a memory 306 storing 
data for use by the processor 302 and an output 304 in com 
munication with the display device 150 (shown in FIG. 1) for 
releasing information derived by the processor 302. 
The memory 306 may include different types of informa 

tion depending on the specific functionality implemented by 
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the processing module 112. In a non-limiting example of 
implementation, the memory 306 Stores a knowledge data 
base including a plurality of entries associated with respective 
liquid Substances or respective types of liquid Substances. 
Each entry may include, for example, characteristics associ 
ated with the respective liquid substance (or type of liquid 
Substance) Such as for example, an identification of the liquid 
Substance, a threat status, material density information, mate 
rial/substance type information, material chemical formula, 
one or more linear attenuation coefficients and/or an effective 
atomic number (Z. number). In a non-limiting example of 
implementation, the one or more linear attenuation coeffi 
cients includes X-ray attenuation coefficients associated to 
respective portions of the X-ray spectrum. Optionally, the one 
or more linear attenuation coefficients may also include an 
average low energy linear attenuation coefficient and an aver 
age high energy linear attenuation coefficient. Optionally 
still, a tolerance level may be associated with one or more of 
the characteristics of the liquid substance. For instance the 
material density information associated with the liquid Sub 
stance may be expressed as a range of densities such as 
density+Adensity and the effective atomic number may be 
expressed as a range of effective atomic numbers Zeff AZeff. 
The processor 302 implements a process for determining 

one or more characteristics of a liquid product based on the 
X-ray data received at input 300 from the inspection device 
102. In a specific implementation, the one or more character 
istics include a threat status. Results obtained by the proces 
sor 302 are then released at output 304. Amongst other func 
tionality, the processor 302 simulates responses of reference 
liquid products to X-rays to derive simulated X-ray image 
data. The simulated X-ray image data is then used to deter 
mine one or more characteristics of the liquid product under 
inspection, including for example the threat status of the 
liquid product under inspection. 

In the specific example of implementation shown in FIG.3, 
the processor 302 includes a number of sub-components 
namely a reference product generator module 308, an X-ray 
device simulator 310, an X-ray data comparator device 314 
and a characteristic determination module 312. 
The reference product generator module 308 receives 

X-ray image data from the inspection device 102 (shown in 
FIG. 1), referred to as the “real X-ray image data, which is 
associated with the liquid product under inspection, also 
referred to as the “real' product. The reference product gen 
erator module 308 processes the real X-ray image data to 
derive geometric information associated with the liquid prod 
uct under inspection. The geometric information is then used 
to derive characterization data for a reference product. The 
characterization data of the reference product may convey, 
amongst others, shape information associated with the refer 
ence product, liquid Substance content (or liquid Substance 
type) and positioning information for positioning the refer 
ence product relative to a source of X-rays and X-ray detec 
tors. Optionally, the reference product generator module 308 
receives information from the X-ray data comparator device 
314. In a specific example of implementation, the reference 
product generator module 308 makes use of the result of a 
comparison between the X-ray image data from the inspec 
tion device 102 and simulated X-ray image data generated by 
the X-ray device simulator 310 to derive a new reference 
product having new characterization data. 
The X-ray device simulator 310 processes characterization 

data associated with the reference product (generated by the 
reference product generator module 308) to generate simu 
lated X-ray data by modelling interactions between X-rays 
and the reference product. The X-ray device simulator 310 
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releases the simulated X-ray image data to the X-ray data 
comparator device 314. A specific example of implementa 
tion of the X-ray device simulator 310 will be described later 
on in the specification. 
The X-ray data comparator device 314 receives the simu 

lated X-ray image data generated by the X-ray device simu 
lator 310 and compares it to the “real X-ray image data 
received at input 300. In a non-limiting example of imple 
mentation, the simulated X-ray image data and the “real” 
X-ray image data each convey attenuation information in the 
form of a two-dimensional X-ray image. In this non-limiting 
example of implementation, the comparator device 314 gen 
erates an error map conveying differences in attenuation 
between the “real X-ray image data and the simulated X-ray 
image data. As will be appreciated by the person skilled in the 
art, the magnitude as well as the distribution of the differences 
in attenuation between the “real X-ray image data and the 
simulated X-ray image data provides an indication as to how 
closely the characterization data of the reference liquid prod 
uct approximates that of the liquid product under inspection. 

For example, differences in attenuation between the “real 
X-ray image data and the simulated X-ray image data of a low 
magnitude and relatively uniform distribution tend to indicate 
that the reference liquid product is a good representation of 
the liquid product under inspection. In such cases, the results 
of the comparison performed by the X-ray data comparator 
device 314 are provided to the characteristic determination 
module 312 so that they may be used to confirm and/or infer 
characteristics of the liquid product under inspection. 

Conversely, differences in attenuation between the “real 
X-ray image data and the simulated X-ray image data of a 
large magnitude and/or relatively non-uniform distribution 
tend to indicate that the reference liquid product may be a 
poor representation of the liquid product under inspection. In 
a first example of implementation, the results of the compari 
son performed by the X-ray data comparator device 314 are 
provided to the reference product generator module 308 so 
that they may be used to derive new characterization data 
associated with a new reference product, where the new ref 
erence product is an improved representation of the liquid 
product under inspection. Alternatively, in a second example 
of implementation, the results of the comparison are provided 
to the characteristic determination module 312 along with an 
indication that the reference product is a poor representation 
of the liquid product under inspection. 
The characteristic determination module 312 is in commu 

nication with the X-ray data comparator device 314 and the 
memory 306. The characteristic determination module 312 
receives the results of the comparison performed by the X-ray 
data comparator device 314 and derives one or more charac 
teristics associated with the liquid product under inspection. 
In cases where the results of the comparison performed by the 
X-ray data comparator device 314 indicate that the reference 
liquid product is a good representation of the liquid product 
under inspection, the characteristic determination module 
312 infers the characteristics of the liquid product under 
inspection from the characterization data of the reference 
product. As mentioned above, the characterization data of the 
reference product may convey, amongst others, an estimated 
liquid Substance or liquid Substance type held by reference 
liquid product. The estimated liquid Substance or liquid Sub 
stance type corresponds to an entry in the memory 306, which 
stores characteristics associated with the liquid Substance or 
liquid Substance type Such as, but not limited to an identifi 
cation of the liquid Substance, a threat status, density infor 
mation, chemical formula, material type information, one or 
more linear attenuation coefficients and/or an effective 
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atomic number (Za number). In a specific example of imple 
mentation, the characteristic determination module 312 
infers the threat status of the liquid product under inspection 
from the threat status associated with the estimated liquid 
Substance or liquid Substance type of the reference product. 

Optionally, in cases where the reference liquid product is a 
poor representation of the liquid product under inspection, as 
conveyed by the results of the X-ray data comparator device 
314, the characteristic determination module 312 can be used 
to rule out certain characteristics of the liquid product under 
inspection. 
Process Implemented by the System 100 
A specific example of a process implemented by the system 

100 (shown in FIG. 1) will now be described with reference to 
FIG. 4A. 
As shown, at step 400 an X-ray scan of a liquid product to 

be screened is performed by the inspection device 102 (shown 
in FIG. 1) to obtain X-ray image data associated with the 
liquid product. The X-ray image data conveys attenuation 
information resulting from interaction of X-rays with the 
liquid product. 

In a first non-limiting example, the liquid product is placed 
directly on the conveyor belt 106 of the inspection device 102 
or is placed on a tray, which is then placed on the conveyor 
belt 106 of the inspection device 102. 

In a second non-limiting example, the liquid product is 
placed on a tray having an inclined bottom surface and includ 
ing retaining member for preventing the liquid product from 
being displaced during inspection. For example, a tray of the 
type depicted in FIG. 5 may be used for that purpose. In a 
specific example of implementation, the bottom surface of the 
trays longitudinal axis forms an angle to the horizontal plane 
in the range from about 5° to about 40°, preferably in the 
range from about 5° to about 30°, and more preferably in the 
range from about 10° to about 20°. In a specific non-limiting 
practical implementation, the angle is between about 10° and 
about 15°. 
The person skilled in the art will appreciate that it is desir 

able to maintain the stability of the liquid product during the 
scanning operation in order to improve the accuracy of the 
threat detection process. Should the liquid product be allowed 
to roll or otherwise move on the surface of the tray or the 
conveyor belt, (especially when the bottle is of a circular 
cross-sectional shape, which would promote Such movement) 
the X-ray image may be taken while the bottle is in motion. 
This motion may produce corrupted X-ray image data that 
may lead to a false identification (i.e. a non-threatening liquid 
being assessed as a threat and vice versa) or require that 
another X-ray image be taken before any analysis can be 
performed. As such, mechanisms for positioning the liquid 
product and preventing it from being displaced during inspec 
tion may be used when scanning the liquid product. The 
reader is invited to refer to the following document for 
examples of mechanisms for positioning a liquid product: 
PCT International Patent Application serial number PCT/ 
CA2008/002025 filed in the Canadian Receiving Office 
on Nov. 17, 2008 by Michel Roux et al. and presently 
pending. 

The contents of the above mentioned document are incor 
porated herein by reference. 
The liquid product having been placed either directly on 

the conveyor belt or on a tray is then displaced toward the 
scanning area 104 of the inspection device 102 (shown in 
FIG. 2). X-ray image data is then generated by the inspection 
device 102 by Subjecting the liquid product to penetrating 
radiation. FIG. 6A is an X-ray image of three (3) bottles each 
at least partially filled with liquid derived from data generated 
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by an inspection device inaccordance with a specific example 
of implementation of the invention. In this figure, the menis 
cus for each bottle has been emphasized for the purpose of 
illustration only. 
At step 402, the X-ray image data generated by the inspec 

tion device 102 is received by the processing module 112 
(shown in FIGS. 1 and 3). 
At step 404, the processing module 112 processes the 

X-ray image data to determine one or more characteristics, 
Such as the threat status, of the liquid product scanned at step 
400. In a specific implementation, responses of reference 
liquid products to X-rays are simulated in order to generate 
simulated X-ray image data. The simulated X-ray image data 
is then used to confirm and/or infer the characteristics of the 
liquid product under inspection. Specific examples of the 
manner in which step 404 may be implemented will be 
described in greater detail below. 
At step 408, the processing module 112 releases informa 

tion conveying the one or more characteristics determined at 
step 404, including for example the threat status, of the liquid 
product under inspection. 

Following this, at step 410, the display device 150 (shown 
in FIG. 1) receives the information released by the processing 
modules and conveys this information in visual format, and 
optionally in audio format, to an operator. 
Step 404 
A specific approach for determining at Step 404 one or 

more characteristics of the liquid product under inspection 
will now be described with reference to FIGS. 4B, 4C, 4D and 
4.E. It is to be appreciated that the following example has been 
provided for the purpose of illustration and that many varia 
tions are possible and will become apparent to the person 
skilled in the art in light of the present application. 
With reference to FIG. 4B, an overall process for determin 

ing one or more characteristics of a liquid product under 
inspection in accordance with a specific example of imple 
mentation is shown. In a practical implementation, steps 490, 
492 and 494 in FIG. 4B are implemented by the various 
components 308, 310, 314 and 312 of the processor 302 
depicted in FIG. 3. 
At step 490, shape information associated with a reference 

liquid product is derived. In a specific example, the shape 
information associated with the reference liquid product is 
derived at least in part based on the X-ray image data associ 
ated with the liquid product under inspection (received at step 
402 shown in FIG. 4A). In a non-limiting implementation, the 
shape information associated with the reference liquid prod 
uct derived at step 490 is a mathematical representation 
including information conveying: 

an approximate three-dimensional shape of the bottle of 
the liquid product under inspection; 

an approximate indication of the level of the liquid in the 
bottle of the liquid product under inspection; 

location information of the liquid product under inspection 
with reference to the X-ray source and the X-ray detec 
tors in the inspection device 102. 

At step 492, a reference liquid substance is derived. In a 
specific example, the reference liquid Substance derived at 
step 492 potentially corresponds to the liquid substance held 
by the liquid product under inspection. Optionally, step 492 
also generates a confidence level indicating how likely it is 
that the reference liquid Substance corresponds to the liquid 
Substance held by the liquid product under inspection. 
At step 494, one or more characteristics of the liquid prod 

uct under inspection are derived based on the reference liquid 
substance determined at step 492 and, optionally, the confi 
dence level associated with the reference liquid substance. 
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Following step 494, the process then proceeds to step 408 
described above with reference to FIG. 4A. 
A specific example of implementation of step 490 will now 

be described with reference to FIG. 4C. 
As shown, at step 450 the X-ray image data received from 

the inspection device 102 (shown in FIG. 1) is processed to 
derive geometric information associated with the bottle of the 
liquid product under inspection. The derived geometric infor 
mation associated with the bottle may include one or more of 
the following elements: 

Approximation of the bottle height; 
Approximation of the bottle width: 
Approximation of the bottle length; 
Approximation of the profile of the bottle; 
Approximation of the position of the bottle in the tray: 
Location and orientation of longitudinal axis of the bottle; 
In an implementation in which the liquid product is posi 

tioned on a tray having a bottom Surface with a known 
inclination, the angle made between a longitudinal axis 
of the bottle and a horizontal plane is used to derive the 
geometric information associated with the bottle; 

Location information of the liquid product under inspec 
tion with reference to the X-ray source and the X-ray 
detectors in the inspection device 102 (shown in FIG. 1). 

In implementations in which the inspection device 102 
(shown in FIG. 1) is a “multi-view' type X-ray machine 
generating multiple two-dimensional image of the liquid 
product, the multiple images may be used to obtain additional 
information as to the size, shape and positioning of the bottle. 
Several Suitable methods for extracting geometric informa 
tion from an image are known in the art of computer vision 
and as such will not be described in further detail here. 
At steps 452A-B, a set of candidate bottle shapes is gener 

ated based on the geometric information derived at step 450. 
The candidate bottle shapes are mathematical representation 
of the shapes of bottles. The person skilled in the art will 
appreciate that, although there may be some exceptions, most 
bottles have shapes exhibiting symmetrical properties. For 
instance, several bottles exhibit some level of rotational sym 
metry along their longitudinal axis. In a specific non-limiting 
example of implementation, generating three-dimensional 
candidate bottle shapes is effected by: 

using the location and orientation of its longitudinal axis 
obtained at step 450; 

using the length and width of the bottle obtained at step 
450; 

(optionally) using the shape of the profile of the bottle 
along one side of the longitudinal axis obtained at Step 
450; and 

extrapolating all other points on the bottle by effecting a 
rotation of the profile of the bottle around the longitudi 
nal axis using a reference cross-sectional shape obtained 
at step 450. 

In a specific example of implementation, the set of candi 
date bottle shapes have different cross-sectional shapes 
including, without being limited to, a generally circular 
shape, a generally elliptical shape, a generally rectangular 
shape and a generally square shape. The set of candidate 
bottle shapes generated at steps 452A-B are associated with 
location information positioning the candidate bottle shape 
with reference to the X-ray source and the X-ray detectors in 
the inspection device 102 (shown in FIG. 1). 

FIG. 6B of the drawings shows in graphical form three 
dimensional mathematical representations 950,952 and 954, 
which correspond respectively to the bottles 900,902 and 904 
depicted in the X-ray image shown in FIG. 6A. 
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At steps 454A-B, the candidate bottle shapes generated at 

steps 452A-B are processed to generate simulated responses 
to X-rays. 

In a non-limiting example of implementation, each candi 
date bottle shape generated at steps 452A-B is processed to 
derive one or more virtual models, wherein each virtual 
model corresponds to a respective reference liquid product. In 
a non-limiting example of implementation, for each candi 
date bottle shape generated at steps 452A-B, virtual models 
are generated: 

a) Models assuming a bottle shape corresponding to the 
candidate bottle shape derived in one of steps 452a-b; 

b) Models assuming different types of bottlematerials (e.g. 
glass, plastic, aluminum); 

c) Models assuming different amounts of liquid in the 
bottle (different levels of fill); and 

d) Models assuming a default liquid Substance (e.g. water). 
As will be appreciated by the person skilled in the art, based 

on the assumed level of fill of the virtual model, the length of 
the paths followed by X-rays through the body of liquid in the 
virtual model may vary. For example, for a given bottle shape, 
multiple levels of fill may be considered (e.g. 25% full of 
liquid, 50% full of liquid, 75% full of liquid, 100% full of 
liquid). It is to be appreciated that the number of levels of fill 
considered is not limiting and will depend on the desired 
degree of precision to be attained. It is also to be appreciated 
that different combinations of levels of fill (height of menis 
cus) and types of bottle material may be processed in parallel 
or sequentially depending on the processing capability of the 
processing module 112 (shown in FIG. 1). 

In the manner described above, sets of virtual models are 
obtained, wherein each set of virtual models is associated 
with a respective candidate bottle shape. Each virtual model 
corresponds to a reference liquid product associated with 
characterization data, including: 

bottle shape information derived at one of steps 452A-B; 
positioning information for positioning the reference prod 

uct relative to a source of X-rays derived at one of steps 
452A-B; 

default liquid Substance information (in a non-limiting 
example of implementation, the default liquid Substance 
is taken to be water although any other reference liquid 
Substance could be used); 

(optionally) a type of bottle material; 
a level of fill. 
In implementations in which the liquid products are Sup 

ported by a tray during scanning by the inspection device 102 
(shown in FIG. 1), the virtual model corresponding to the 
reference liquid product may further include information 
modeling characteristics of a reference tray corresponding to 
the “real' tray supporting the “real' liquid product. For the 
purpose of simplicity, the present description will not 
describe in detail the modeling of the tray since manners in 
which the tray may be modeled will become apparent to the 
person skilled in the art in light of the present description. 

Following this, for each virtual model, a response of the 
corresponding reference liquid product to X-rays is simulated 
to generate simulated X-ray image data. 
The purpose of the simulation is to be able to predict output 

intensity of the X-ray inspection device 102 (shown in FIG. 1) 
at high and low energy based on some level of knowledge (or 
assumption) of the chemical formula, density and optical path 
length of a reference material or object. The simulation is 
performed using a computer implemented simulation engine 
and is a coarse modelling of the operation of the X-ray inspec 
tion device 102 (shown in FIG. 1). Generally, the simulation 
aims to derive the likely X-ray attenuation data that would be 
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obtained when a liquid product having shape information 
corresponding to that generated at one of the steps 452A-B, 
filled with a reference liquid, such as water for example, and 
having a certain level of fill (and optionally having a bottle 
made with a certain reference material) is screened by the 
X-ray inspection device 102. One example of a model that can 
be used is one which determines the attenuation to which the 
X-rays would be subjected, at different locations throughout 
the reference liquid product on the basis of theoretical equa 
tions that map attenuation with path length, liquid character 
istics and X-ray characteristics. The type of bottle material 
and the default liquid substance in the bottle provide infor 
mation pertaining to chemical formula and/or density of the 
material(s) through which X-rays would travel between the 
X-ray source and detectors of the X-ray inspection device 102 
(shown in FIG. 1). It should be noted that: 

the X-ray characteristics of the inspection device 102 can 
be modelled; 

the liquid characteristics of the default liquid substance 
(e.g. water) are known; 

the length of the path taken by X-ray through the reference 
liquid product can be derived based on the virtual model; 
and 

an estimate of the attenuation information can be derived 
based on the X-ray characteristics of the inspection 
device 102, the liquid characteristics of the default liquid 
Substance and the path length information. 

The result of steps 454A-B is a plurality of simulated X-ray 
images where each simulated X-ray image conveys simulated 
attenuation information in the form of a two-dimensional 
X-ray image and is associated with a respective reference 
liquid product having a respective shape and holding a default 
liquid Substance (e.g. water). 

At steps 456A-B, the simulated X-ray images obtained at 
steps 454A-B are compared to the X-ray image data associ 
ated to the liquid product under inspection, also referred to as 
the “real X-ray image data, and which was received by the 
processing module at step 402 (shown in FIG. 4a). The pur 
pose of the comparison is to determine the difference between 
the two. In a non-limiting example of implementation, an 
error distribution map conveying differences in attenuation 
between the “real X-ray image data and the simulated X-ray 
image data is generated for each reference liquid product. 
This error distribution map can be generated, for example, by 
Subtracting the “real X-ray image data and the simulated 
X-ray image data on a pixel by pixel basis. As will be appre 
ciated by the person skilled in the art, the error distribution 
maps convey information pertaining to the magnitude, as well 
as the distribution of the differences in attenuation between 
the “real X-ray image data and the simulated X-ray image 
data. Each error distribution map provides an indication as to 
how closely the characterization data of a corresponding ref 
erence liquid product approximates that of the liquid product 
under inspection. 

It will be appreciated by the person skilled in the art that the 
attenuation information generated by the reference liquid 
product will likely be different from the attenuation informa 
tion in the “real X-ray image data since the liquid Substances 
are likely different. Recall that the reference liquid product 
uses a default liquid Substance (such as water), while the 
liquid product under inspection is most likely filled with 
another liquid substance. However, if the candidate shape of 
the bottle and currently estimated level of fill are generally 
correct, the attenuation error distribution will be generally 
uniform. On the other hand, if the currently estimated level of 
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fill and/or candidate shape of the bottle is far from those of the 
liquid product under inspection, then the error distribution 
will not be uniform. 
At step 458, the results of the comparisons performed at 

steps 456A-B are processed to select a virtual model from the 
sets of candidate virtual models, wherein the selected virtual 
model corresponds to a reference liquid product. As indicated 
above, each error distribution map provides an indication as 
to how closely the characterization data of an associated 
reference liquid product approximates that of the liquid prod 
uct under inspection. During this step, the error distribution 
maps are processed to identify a distribution map in which the 
magnitude and the variations of the differences in attenuation 
between the “real X-ray image data and the simulated X-ray 
image data are Smaller than the other error distribution maps. 
The reference liquid product associated with the identified 
error distribution map is then selected. 
The result of step 458 is characterization data conveying 

shape information associated with a reference liquid product, 
where the shape information approximates the shape of the 
liquid product under inspection. 
The process then proceeds to step 492 where a reference 

liquid Substance is derived. 
A specific example of implementation of step 492 will now 

be described with reference to FIG. 4D. 
As depicted, at steps 460A-B the shape information asso 

ciated with the reference liquid product derived at step 490 
(shown in FIG.4B) is processed to generate a set of simulated 
X-ray responses, where each simulated response to X-rays is 
associated with a different liquid substance. More specifi 
cally, at steps 460A-B a set of reference liquid products is 
generated, where each reference liquid product is associated 
with characterization data including: 

the shape information derived at step 490 (shown in FIG. 
4B), including fill level; 

a respective liquid Substance from a set of liquid Sub 
StanceS. 

The set of liquid Substances may include any number of 
liquid Substances and types of Substances. In a specific prac 
tical implementation, the set of liquid Substances includes one 
or more liquid Substances constituting “threat' and one or 
more liquid substances deemed to be “safe'. 

Following this, for each reference liquid product, a 
response to X-rays is simulated to generate simulated X-ray 
image data. The candidate shape information derived at step 
490 is used to obtain optical path length information through 
the body of liquid of the reference liquid product. The liquid 
Substance for each reference product provides information 
pertaining to chemical formula and or density of the 
material(s) through which X-rays would travel between the 
X-ray source and detectors of the X-ray inspection device 102 
(shown in FIG. 1). 
The result of steps 460A-B is a plurality of simulated X-ray 

images where each simulated X-ray image conveys simulated 
attenuation information in the form of a two-dimensional 
X-ray image and is associated with a respective reference 
liquid product holding a respective liquid Substance and char 
acterized with the same shape information derived at step 
490. 

Following this, at steps 462 A-B, the simulated X-ray 
images obtained at steps 460A-B are compared to the X-ray 
image data associated to the liquid product under inspection, 
also referred to as the “real X-ray image data, and which was 
received by the processing module 112 at step 402 (shown in 
FIG. 4A). In a non-limiting example of implementation, an 
error distribution map conveying differences in attenuation 



US 8,831,331 B2 
21 

between the “real X-ray image data and the simulated X-ray 
image data is generated for each reference liquid product. 

At step 464, the results of the comparisons performed at 
steps 462A-B are processed to select a virtual model from the 
sets of candidate virtual models, wherein the selected virtual 
model corresponds to a reference liquid product. During this 
step, the error distribution maps are processed to identify a 
distribution map in which the magnitude as well as the varia 
tions of the differences in attenuation between the “real’ 
X-ray image data and the simulated X-ray image data are 
smaller than the other error distribution maps. The reference 
liquid product associated with the identified error distribution 
map is then selected. 
The result of step 464 is characterization data conveying 

shape and liquid content information associated with a refer 
ence liquid product, where the shape information and the 
liquid content information approximates the shape and liquid 
content of the liquid product under inspection. Optionally, 
step 464 also generates a confidence level indicating how 
likely it is that the reference liquid substance corresponds to 
the liquid Substance held by the liquid product under inspec 
tion. The confidence level is derived at least in part based on 
the error distribution map associated with the selected refer 
ence product and may be derived using any suitable manner. 
The process then proceeds to step 494 where one or more 

characteristics of the liquid product under inspection are 
derived based on the reference liquid substance determined at 
step 492. 
A specific example of implementation of step 494 will now 

be described with reference to FIG. 4E. 
At step 650, the reference liquid substance and the level of 

confidence are received, where the level of confidence indi 
cates how likely it is that the reference liquid substance cor 
responds to the liquid substance held by the liquid product 
under inspection. 

At step 652, the level of confidence received at step 650 is 
compared against a first threshold level of confidence. If the 
level of confidence exceeds the first threshold, thereby indi 
cating that the reference liquid Substance is likely to corre 
spond to the liquid substance held by the liquid product under 
inspection, the process proceeds to step 654. If the level of 
confidence does not exceed the first threshold, the process 
proceeds to step 662. 

At step 654, which is initiated when the reference liquid 
Substance is likely to correspond to the liquid Substance held 
by the liquid product under inspection, the characteristics of 
the liquid product under inspection, including for example its 
threat status, can be inferred from the characteristics of the 
reference liquid Substance. In particular, the reference liquid 
substance obtained at step 492 (shown in FIG. 4B) is associ 
ated to characteristics such as, but not limited to, a threat 
status, material density, material type, material chemical for 
mula, one or more linear attenuation coefficients and/or an 
effective atomic number (Z. number). These characteristics 
of the reference liquid Substance may be stored on a computer 
readable memory module, such as the memory 306 (shown in 
FIG.3). In a specific example, the characteristics of the liquid 
product under inspection may be determined by a simple 
look-up procedure by using the reference liquid Substance 
determined at Step 492 to access a corresponding entry in the 
memory 306. The process then proceeds to step 656, which is 
described below. 
At step 662, which is initiated when the level of confidence 

received at step 650 does not exceed a first threshold level of 
confidence, the level of confidence received at step 650 is 
compared against a second threshold level of confidence that 
is the same or lower than the first level of confidence. If the 
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level of confidence is lower that the second threshold, thereby 
indicating that the reference liquid Substance is unlikely to 
correspond to the liquid substance held by the liquid product 
under inspection, the process proceeds to step 660. If the level 
of confidence is at least as high as the second threshold, the 
process proceeds to step 664. 
At step 660, which is initiated when the reference liquid 

Substance is unlikely to correspond to the liquid Substance 
held by the liquid product under inspection, a negative deter 
mination of the liquid product under inspection is made. For 
example if the reference liquid Substance is water and is 
associated with a low likelihood of corresponding to the 
liquid held by the liquid product under inspection, step 660 
determines that the liquid held by the liquid product is 
unlikely to be water. The process then proceeds to step 658. 
At step 658, a threat status is assigned to the liquid product 

under inspection based in part on the negative determination 
made at step 660. For example, if the reference liquid sub 
stance is associated with a “safe' threat status from a set of 
“safe' substances and it is determined at step 660 that the 
liquid held by the liquid product is unlikely to correspond to 
this reference liquid substance, then at step 658 a "prohibited 
(or equivalent) threat status may be assigned to the liquid 
product under inspection irrespective of whether the content 
or not the liquid held by the liquid product constitutes a threat. 
The reverse type of logic may also be contemplated. For 
example, if the reference liquid substance is a “prohibited' 
liquid substance from a set of “prohibited' substances, and it 
is determined at step 660 that the liquid held by the liquid 
product is unlikely to be the “prohibited' substance, then at 
step 658 a “safe' (or equivalent) threat status may be assigned 
to the liquid product under inspection irrespective of whether 
the content or not the liquid held by the liquid product con 
stitutes a threat. It is to be appreciated that this latter type of 
logic leaves open the possibility that if the liquid product 
under inspection holds a dangerous liquid Substance that is 
not in the set of set of “prohibited' substances contemplated 
by the system, the process shown in figure will erroneously 
assign a "safe' (or equivalent) threat status to the liquid prod 
uct. Therefore, practical implementations of this process 
would preferably take this consideration into account when 
assigning a threat status at step 658. 
Once a threat status has been assigned to the liquid product 

under inspection at step 658, the process proceeds to step 656 
described below. 

Returning now to step 664, which is initiated when the 
level of confidence received at step 650 is between the first 
and the second threshold level of confidence, the liquid prod 
uct under inspection is labelled as being unknown. In other 
words, the process was neither able to provide a sufficiently 
high level of confidence that the reference liquid substance 
either corresponded to the liquid product under inspection or 
a sufficiently low level to rule out the possibility that it may 
correspond to that reference liquid Substance. The process 
then proceeds to step 668. 
At step 668, a threat status is assigned to the liquid product 

under inspection based in part on the “unknown label 
assigned at step 664. At this step, any suitable rule may be 
used to assign a threat status. In a non-limiting example of 
implementation, all liquid products labelled as “unknown 
are assigned a “prohibited' (or equivalent) threat status. Once 
a threat status has been assigned to the liquid product under 
inspection, the process proceeds to step 656. 
At step 656, the characteristics of the liquid product under 

inspection determined at one of steps 654, 658 and 668, are 
released and the process proceeds to step 408 described above 
with reference to FIG. 4A. 
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X-Ray Simulator 
As described above, the processing module 112 includes 

an X-ray simulator device 310 (shown in FIG. 3) which 
implements a process for simulating responses of reference 
products to X-rays. The purpose of the simulation is to be able 
to predict output intensity of the X-ray inspection device 102 
(shown in FIG. 1) at high and low energy based on some level 
of knowledge (or assumption) of the chemical formula, den 
sity and optical path length of a reference material or product 
that would be positioned in the X-ray path. 
A specific example of implementation of the X-ray simu 

lator device 310 (shown in FIG. 3) will be described below 
with reference to FIG. 7 of the drawings. It is to be appreciated 
that this description is being presented for the purpose of 
illustration only and that many other suitable devices for 
simulating X-ray responses may be contemplated in the artin 
light of the present description. 
As depicted in FIG. 7, the X-ray simulator device 310 

includes an input 702 for receiving characterization data asso 
ciated with a reference product, a processor 700 for process 
ing the characterization data and generate simulated X-ray 
image data and an output 704 for releasing the simulated 
X-ray image data generated by the processor 700. In the 
specific example depicted, the X-ray simulator device 310 
also includes a memory module 706 storing a plurality of 
parameters related to the inspection device (such as for 
example, the inspection device 102 shown in FIG. 1) whose 
behaviour the X-ray simulator 310 is configured to simulate. 

In a specific implementation, the input 702 receives char 
acterization data associated with a reference product from the 
reference product generator 308 (shown in FIG.3). The char 
acterization data received provides information pertaining to 
material properties and physical dimensions of the reference 
product from which optical path length and material proper 
ties (linear attenuation coefficient, effective atomic number 
(Z), material density, and/or chemical formula) can be 
derived. In cases where the reference product is a reference 
liquid product, the characterization data may include, for 
example: 

bottle shape information; 
positioning information for positioning the reference liq 

uid product relative to a source of X-rays; 
liquid Substance information; 
(optionally) type of bottle material; 
a level of fill. 
The processor 700 is configured to process the character 

ization data received at input 702 to generate simulated X-ray 
image data associated with the reference product by model 
ling interactions between X-rays and the reference product. In 
a specific example of implementation, the processor 700 
determines the degrees to which an X-ray is attenuated 
between an X-ray source and a detector as it passes through 
the reference product. Generally speaking, the degree to 
which an X-ray is attenuated between an X-ray source and a 
detector is a function of the properties of the substances/ 
materials it passes through, as well as the lengths of the paths 
travelled by the X-ray through each one of the substances/ 
materials. 

In a specific example of implementation, the processor 700 
processes the characterization data received at input 702 to 
derive optical path length and material properties (linear 
attenuation coefficient, effective atomic number (Z), mate 
rial density, and/or chemical formula) of the paths taken by 
X-rays between the source of X-rays and detectors. Based on 
this derived information, the processor 700 determines the 
attenuation to which the X-rays would be subjected, at dif 
ferent locations throughout the reference liquid product on 
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the basis of theoretical equations that map attenuation with 
path length, liquid characteristics and X-ray characteristics. 

FIG. 8 illustrated in graphical form a side cutaway view of 
a reference liquid product 800 that may be conveyed by 
characterization data. As shown, the reference liquid product 
800 is generally inclined at an angle 801 relative to a generally 
horizontal plane and is Supported by a tray which is also 
modelled by characterization data. FIG. 8 also shows a path 
taken by a ray of penetrating radiation (i.e. an X-ray) through 
the reference liquid product 800. The X-ray enters the refer 
ence liquid product 800 at location 802, travels through the 
bottle walls and the bottle contents, and emerges from the 
bottle at location 814. The angle between the X-ray and the 
longitudinal axis of the bottle of liquid can be derived using 
simple trigonometry since the angle 801 is known and the 
orientation of the X-ray is also known. 
As can be seen, as the X-ray travels from the X-ray Source 

(not shown) to the X-ray detectors (not shown), the X-ray is 
attenuated by not only the liquid in the bottle but by a Sup 
porting structure (such as a tray and/or conveyor belt) holding 
the bottle, as well as the side walls of the bottle. Segment 810 
between the locations 802 and 814, herein referred to as the 
combined segment 810, is a combination of the following 
Segments: 

segment 804 through the Supporting structure (for example 
a tray); 

segments 806 and 808 through the side walls of the bottle; 
and 

segment 812 through the inside portion of the bottle 800. 
As can be observed in FIG. 8, the position of the meniscus 

820 (level of fill) is such that the length of the path segment 
812, which is the length of the path through the inside portion 
of the bottle 800, includes a first component 892 correspond 
ing to the length of the path taken by the X-ray passing 
through the liquid within the bottle but also includes a second 
component 890 corresponding to the length of a path taken by 
the X-ray in a layer of air above the meniscus. 

Considering the reference liquid product depicted in FIG. 
8, the processor 700 shown in FIG. 7 would make use of the 
characterization data to derive the path length associated 
with: 

segment 804 through the Supporting structure; 
segments 806 and 808 through the side walls of the bottle; 
segment 892 through the liquid within the bottle; 
segment 890 through the layer of air above the meniscus. 
In addition, the processor 700 shown in FIG. 7, would 

make use of the characterization data received at the input 702 
to derive material properties (linear attenuation coefficient, 
effective atomic number (Z), material density, and/or 
chemical formula) for each of the above noted paths and 
would determine the attenuation to which the X-rays would 
be subjected on the basis of theoretical equations that map 
attenuation with path length, liquid characteristics and X-ray 
characteristics. 

It is to be appreciated that the X-ray characteristics and the 
attenuation to which the X-rays are subjected will vary from 
one X-ray machine model to another and may even vary 
between different X-ray machines of a same model. As such, 
in order for the X-ray simulator device 310 to simulate a 
particular X-ray machine model unit, calibration information 
must be obtained for that particular X-ray machine model 
unit. Obtaining this calibration information begins with an 
estimate of the X-ray source spectrum of the X-ray machine 
model unit and an estimated Scintillator (detector) spectral 
response for different types of materials. Optionally, in order 
to take into account the variations in behaviour between 
X-ray machines of a same machine model, additional calibra 
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tion information may be obtained by using tools in the form of 
material references at regular intervals during the use of the 
X-ray machine. Such material references may be positioned 
so as to be scanned by the X-ray beam concurrently with the 
scanning of a product under inspection and/or periodically in 
between X-ray scans. 

In a specific implementation, the simulation process imple 
mented by the X-ray simulator device 310 predicts X-ray 
inspection machine output intensity at high and low energies 
when an object having a given chemical formula (effective 
atomic number), density and optical path length is positioned 
between the source of the X-ray and the detector. The non 
limiting example of implementation described below simu 
lates the polychromatic behaviour of a pseudo dual-energy 
polychromatic X-ray source and corresponding polychro 
matic X-ray detectors. It is to be appreciated that other 
approaches may be used without detracting from the spirit of 
the invention. 

For example, alternative examples of implementation, 
which will not be described in detail but which will become 
apparent to the person skilled in the art, may approximate the 
Source of X-rays as being monochromatic and may rely on the 
average of the detected high spectrum and detected low spec 
trum for the response of the X-ray detectors. Since real physi 
cal X-ray sources have generally polychromatic distributions, 
it is to be appreciated that results obtained using a monochro 
matic approximation of the X-ray source may be less precise 
than those relying on a polychromatic approximation. 

Nevertheless, the precision obtained using Such monochro 
matic approximation may be sufficient in certain specific 
implementations. 

Returning now to the specific example of implementation 
simulating the polychromatic behaviour an X-ray source in 
an X-ray inspection machine, in order to predict the X-ray 
inspection machine output intensity at high and low energies, 
the process simulates the following steps: 

1. X-ray photons discrete source emission: S(E) where E 
is in keV. 

2. The attenuation of the X-ray spectrum when passing 
through one or plural materials of known chemical com 
position 

A (Zr, E), 
p 

density (p) and optical path length (t) where 

is the compound mass attenuation coefficient computed 
using traceable standard mass attenuation coefficients 
(NIST) for each energy. Mathematically this can be 
expressed as follows: 

ic V (7. Eduation #1 (Z. E) = X(Z, E)w quation 

Where w, is the fraction by weight of the i' atomic 
constituent and 
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(itz, E) 
are the mass attenuation coefficients at each discrete 
energy of the spectrum of the i' atomic constituent. 
Each atomic constituent is available in the given chemi 
cal formula of the given material/compound. 
The mass attenuation coefficient is related to the chemi 
cal formula of the material. In order to represent this 
dependency, the mass attenuation coefficient relies on 
Zeff, where Zeff is computed from the chemical formula 
of the material using: 

wherea, is the fractional element of electrons per gram 
and Z, is the atomic number of thei'atomic element of 
the chemical formula of the compound. 
The attenuation of the X-ray spectrum S (E), after 
propagation through the material of optical path lengtht, 
can then be expressed as follows: 

S. (E)=S(E)-e ‘’art." Equation #2 

3. The amount of attenuation of the transmitted spectrum 
absorbed by the low energy scintillator (detector) of a 
given estimated thickness (t) and known mass attenu 
ation coefficient 

t 
; (Zar. E), 

and density p, can be expressed as shown in Equations 
#3a and #3b below: 

Equation #3 
S(E)=S(E)-1-e ‘tre'r quation #3a 

is 
g (artist Equation #3b Space low = S,(E)-1-e 

Where S is the spectrum when it has been modified 
when passing through a Substance and S, is the 
spectrum when there is no object in the scene. 

4. Visible photon emission (scintillation) of the low energy 
scintillator described by the spectral visible photon 
responsey (E) and integration by the photodiode can 
then be simulated. The integration of the attenuated low 
detected spectrum can then be normalized by the inte 
gration of itself giving us the simulated normalized grey 
level 0 1 of the machine: 

Epeak Equation #4 ? So, (E)y(E)d E 
O Ilo = EP". Space to (Eylo (Ed E 
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-continued 
E. peak ? Si (E). 

O 

arter- arties 
y(E)d E 

| Space (Eye (E)d E 
F low 

E EP" Speec, low (E)Yo (Ed E 

5. Assuming the X-ray machine being modelled is a dual 
energy X-ray machine, the transmission of X-rays is 
simulated through a copper filter medium (or other high 
Z material) of thickness (t) that manufacturers use to 
separate the high part from the low part of the spectrum. 
Mathematically this can be expressed as follows: 

s . . . . Fif Equation #5 
Siltered (E) = S(E) e p (Zoff.E}ps low ... e. fo (Zeit E) ?t it 

- (Zr.E}pst - (Zin Ep Spetect filtered = Sin (E) 1 - e (Zoff.E}ps tre :-(Zeif E}pt it 

Where Sai is the high energy spectrum when it has 
been modified when passing through a substance and 
So it is the spectrum when there is no object in 
the scene. 

6. In a specific example of implementation, an approxima 
tion is made that the majority of the filtered spectrum is 
absorbed by the high energy scintillator so that: 

'Shigh (E) Saltered(E) 

SDetect high(E) Sdetect filteredE) Equation #6 

7. Then step 4 above is repeated, but this time for the high 
energy component of the spectrum. 

Emax Equation #7 ? Shigh (Eyhigh (E)d E 
O 

Epeak 
SDetect high (E) 

O 

ic 

As will be observed, the following data for a given X-ray 
vendor model machine needs to be obtained or derived: 

tie, PS (E) Yi,(E), t, P.S., (E) Yi,(E) 
In a non-limiting example of implementation, the above 

parameters are derived using transmission measurements of 
plural materials of different effective atomic numbers (Z), 
density and thickness and primary estimation of source spec 
trum and Scintillator spectral response coupled with a non 
linear optimization algorithm. 

FIG. 9 is a graph depicting the source spectrum S(E) for 
an X-ray tungsten source, which is a common X-ray Source 
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used in X-ray devices. The spectral distribution of X-ray 
tungsten sources is well known in the art of X-ray machines. 
The visible photon response Y(E) can be approximated 

as a linear function. More specifically, in X-ray applications, 
the Scintillator response typically produces more visible pho 
ton as the absorbed X-ray photon energy increases. FIG. 10 is 
a graph depicting a theoretical scintillator response Y(E) 
and Y,(E) for a typical Cesium iodide doped with thallium 
(CsI(TI)) scintillator as a function of absorbed energy. 
The attenuation of the X-ray spectrum can then be derived 

since the attenuation coefficient of the scintillator (CsI) is 
known from its compound formula and density and the 
attenuation of the copper filter is also known. Mathematically, 
the attenuation of the X-ray spectrum can be expressed as 
follows: 

Cs wcs + Alw Using Equation #1 above 

FIG. 11 is a graph showing the attenuation coefficients of 
Cesium iodide (CsI) and copper (Cu) for different energy 
levels. From this graph, the person skilled in the art will note 
the presence of “K-edges' at 33 keV for iodine and at 36 keV 
for the cesium. 

Based on the above information, transmission/attenuation 
data can be obtained using known chemical formula and 
density materials. 

In a specific example of implementation, reference mate 
rial corresponding to the limit of the detected dynamic range 
may further be used in order to calibrate the simulation 
results. FIG. 12 shows an X-ray image derived by subjecting 
three (3) slabs of different materials to X-rays generated by an 
X-ray machine whose behaviour is to be modelled. As shown, 
portions 1200, 1202 and 1204 correspond to the three (3) 
slabs of different materials and portions 1206 and 1208 cor 
respond to additional references. 
The X-ray simulator calibration steps may include the fol 

lowing: 
A. Low detector thickness optimization: 
The detected or absorbed spectrum will vary depending 

of the physical thickness of the scintillator (detector). 
In order to improve the precision of the simulation 
data, the value of the thickness of the scintillator used 
in the above model can be adjusted to better reflect the 
actual physical thickness of the scintillator (detector). 
In a specific example of implementation, using the 
information pertaining to the Source spectrum and the 
approximately linear theoretical Scintillator response 
Y(E) shown in FIG. 10, steps 1 to 4 above are 
repeated for different estimated thicknesses of the low 
energy scintillator (detector). The relative error 
between Msimulated low intensities and Mobserved 
low intensities is then computed using X-ray image of 
the slabs of material shown in FIG. 12. Following this, 
a low energy Scintillator thickness is selected Such 
that the error between observed low intensities on the 
slabs and simulated intensities values will be mini 
mized. The estimated scintillator thickness is then 
used in the computation of S, (E) (see equa 
tion #3b above). 
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Mathematically, the error may be expressed as follows: 

i 1 

* - IX 
Isin low (i) - low (i) Equation #8 

lsim low (i) 

FIG. 13 of the drawings is a graph showing relative 
errors between the observed intensities and the simu 
lated intensities as a function of an estimated low 
energy Scintillator (detector) thickness based on the 
theoretical Scintillator response Y(E) depicted in 
FIG 10. 

FIG. 14 is a graph depicting the detected low energy 
spectrum after optimisation of the low scintillator 
thickness. 

B. Now that we have S, (E), we can use equation #4 
to modify the linear approximation of Y(E) using an 
error minimization algorithm. 
FIG. 15 is a graph showing a version the theoretical 

response of the scintillator Y(E) shown in FIG. 10 
optimized for a determined low scintillator thickness. 

C. The above process is repeated for the high energy Scin 
tillators (detectors), repeating for different estimated 
thicknesses of the copper filter (t). 
FIG. 16 of the drawings is a graph showing a relative 

error between the observed intensities and the simu 
lated intensities as a function of an estimated copper 
filter thickness. 

FIG. 17 is a graph depicting the detected high spectrum 
after copper filter thickness optimisation. 

FIG. 18 is a graph showing a version the theoretical 
response of the scintillatory,(E) shown in FIG. 10 
optimized for a determined copper filter thickness. 

Specific Practical Implementation 
Certain portions of the processing module 112 (shown in 

FIGS. 1 and 3) may be implemented on a general purpose 
digital computer 1900, of the type depicted in FIG. 19, includ 
ing a processing unit 1902 and a memory 1904 connected by 
a communication bus. The memory 1904 stores data 1908 and 
program instructions 1906. The processing unit 1902 is 
adapted to process the data 1908 and the program instructions 
1906 in order to implement the functions described in the 
specification and depicted in the drawings. The digital com 
puter 1900 may also comprise an I/O interface 1910 for 
receiving or sending data elements to external devices. Such 
as the for example the inspection device 102 and the display 
device 150 (both shown in FIG. 1). 

Alternatively, the above-described processing module 112 
can be implemented on a dedicated hardware platform where 
electrical/optical components implement the functions 
described in the specification and depicted in the drawings. 
Specific implementations may be realized using ICs, ASICs, 
DSPs, FPGA and/or other suitable hardware platform. 

Other alternative implementations of the processing mod 
ule 112 can be implemented as a combination of dedicated 
hardware and software, of the type depicted in FIG. 20 and 
generally designated by reference numeral 2000. Such an 
implementation comprises a dedicated image processing 
hardware module 2008 and a general purpose computing unit 
2006 including a CPU 2012 and a memory 2014 connected by 
a communication bus. The memory 2014 stores data 2018 and 
program instructions 2016. The CPU 2012 is adapted to pro 
cess the data 2018 and the program instructions 2016 in order 
to implement the functions described in the specification and 
depicted in the drawings. As depicted, this specific imple 
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mentation also comprise one or more I/O interfaces 2004, 
2002 for receiving or sending data elements to external 
devices such as, for example, inspection and display devices 
of the type depicted in FIG. 1. 

It will also be appreciated that the screening system 100 
that is depicted in FIG.1 may also be of a distributed nature 
where the X-ray images are obtained by an inspection device 
in one location (or more than one location) and then are 
transmitted over a network to anotherentity implementing the 
functionality of the processing module 112 described above. 
Another unit may then transmit a signal for causing one or 
more display devices to display information to the user. Such 
as the X-ray image of the objects being scanned. The display 
device may be located in the same location where the X-ray 
images of objects were obtained or in an alternate location. In 
a non-limiting implementation, the display device may be 
part of a centralized screening facility. 

FIG. 21 illustrates a network-based client-server system 
2100 for screening objects in accordance with a specific 
example of implementation of the invention. The client 
server system 2100 includes a plurality of client systems 
2102, 2104, 2106 and 2108, as well as inspection devices 
2160A and 2160B connected to a server system 2110 through 
a network 2112. Communication links 2114 between the 
client systems 2102.2104, 2106,2108, the inspection devices 
2160A, 2160B and the server system 2110 can be metallic 
conductors, optical fibers or wireless, without departing from 
the spirit of the invention. The network 2112 may be any 
Suitable network including, but not limited to, a global public 
network Such as the Internet, a private network and a wireless 
network. The server 2110 may be adapted to process infor 
mation received from the inspection devices 2160A and 
2160B and issue signals conveying screening results to the 
client systems 2102, 2104, 2106 and 2108 using suitable 
methods known in the computer-related arts. 
The server system 2110 includes a program element 2116 

for execution by a CPU (not shown). Program element 2116 
includes functionality to implement the functionality of pro 
cessing module 112 (shown in FIGS. 1 and 3) described 
above. Program element 2116 also includes the necessary 
networking functionality to allow the server system 2110 to 
communicate with the client systems 2102, 2104, 2106 and 
2108, as well as the inspection devices 2160A and 2160B 
over the network 2112. In a specific implementation, the 
client systems 2102, 2104, 2106 and 2108 include display 
devices responsive to signals received from the server system 
2110 for displaying screening results derived by the server 
system 2110. 

Although the above embodiments have been described 
with reference to the inspection device 102 (shown in FIGS. 
1 and 2), which embodied a single view X-ray imaging appa 
ratus, it is to be appreciated that embodiments of the invention 
may be used in connection with any suitable type of inspec 
tion device, including a multi-view X-ray imaging apparatus. 
As such, in an alternative example of implementation, the 

inspection device 102 is embodied as a multi-view X-ray 
machine. The multi-view X-ray machine generates X-ray 
image data associated with the liquid product conveying a 
first X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a first orientation and a second 
X-ray image of the liquid product taken by Subjecting the 
liquid product to X-rays in a second orientation. The first and 
second orientations are different from one another and will 
frequently be orthogonal to one another, although such dif 
ferences in orientation may vary depending on the X-ray 
machine being used. In Such an alternative implementation, 
the X-ray image data corresponding to the first X-ray image 
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of the liquid product may be processed to derive information 
pertaining to the threat status of the liquid product according 
to the methods described above. The X-ray image data cor 
responding to the second X-ray image of the liquid product is 
then processed to validate and/or adjust the information 
derived based on the first X-ray image of the liquid product. 
Alternatively, the first and second X-ray image of the liquid 
product may be used jointly to derive shape information asso 
ciated to a reference liquid product. For example, deriving 
shape information associated to a reference liquid product 
(see FIG. 4B, step 490 for example), an initial estimate of the 
shape information may be derived based on a first X-ray 
image of the liquid product. This initial estimate of the shape 
information may then be validated and/or refined by process 
ing the second X-ray image of the liquid product to derive a 
second estimate of the shape information associated with the 
liquid product. 
The person skilled in the art will appreciate that multiple 

images of a same product taken from different orientations 
may be used in an number of different manners in order to 
improve the assessment of the products under inspection. 

For instance, an advantage of using a multi-view X-ray 
imaging apparatus, as compared to the use of a single view 
X-ray imaging apparatus, is that the additional view provides 
three-dimensional information that is otherwise unavailable 
from single two-dimensional view. Amongst others, these 
multiple views allow deriving a reference liquid product hav 
ing characteristics that more closely approximate those of the 
liquid product under inspection. 

It will also be appreciated that in alternate examples of 
implementations, the multi-view X-ray machine may gener 
ate X-ray image data conveying X-ray images of the liquid 
taken by Subjecting the liquid product to X-rays in more than 
two orientations, thereby generating three, four or more 
X-ray images. 

It will therefore be appreciated that other various modifi 
cations will become apparent to those skilled in the art and are 
within the scope of this invention, which is defined more 
particularly by the attached claims. 
The invention claimed is: 
1. A method for assessing a threat status of a liquid product 

under inspection at a security checkpoint, the liquid product 
being comprised of a bottle holding a liquid, wherein the 
bottle is at least partially filled with liquid, the method com 
prising: 

a) receiving X-ray image data associated with the liquid 
product under inspection, the X-ray image data being 
derived by performing an X-ray scan at the security 
checkpoint of the liquid product under inspection using 
an X-ray imaging apparatus, the X-ray image data con 
veying attenuation information resulting from interac 
tion of X-rays with the liquid product; 

b) simulating a response of a reference liquid product to 
X-rays to generate simulated X-ray image data, wherein 
the reference liquid product is derived at least in part by 
processing the X-ray image data associated with the 
liquid product under inspection; 

c) comparing the simulated X-ray image data and the 
received X-ray image data to determine the threat status 
of the liquid product under inspection; 

d) releasing information conveying the determined threat 
status of the liquid product under inspection. 

2. A method as defined in claim 1, wherein the reference 
liquid product is comprised of a reference bottle and a refer 
ence liquid. 

3. A method as defined in claim 1, wherein said method 
comprises: 
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a) deriving a virtual model of the reference liquid product; 

and 
b) using the virtual model of the reference liquid product in 

simulating the response of the reference liquid product 
to X-rays to generate the simulated X-ray image data. 

4. A method as defined in claim 3, wherein the virtual 
model of the reference liquid product conveys 3-D geometric 
information associated with the reference liquid product. 

5. A method as defined in claim 3, wherein the virtual 
model of the reference liquid product conveys location infor 
mation associated with a meniscus formed by liquid. 

6. A method as defined in claim 3, wherein deriving the 
virtual model of the reference liquid product comprises: 

a) generating a set of candidate virtual models; 
b) selecting at least one virtual model from the set of 

candidate virtual models at least in part by simulating 
responses to X-rays of the candidate virtual models in 
said set of candidate virtual models. 

7. A method as defined in claim 6, wherein the candidate 
virtual models are generated at least in part by: 

a) processing the X-ray image data associated with the 
liquid product under inspection to derive geometric 
information associated with the liquid product; 

b) using the derived geometric information associated with 
the liquid product to generate the set of candidate virtual 
models. 

8. A method as defined in claim 6, wherein generating the 
set of candidate virtual models includes generating virtual 
models of bottles having cross-sectional shapes selected from 
the set consisting of a generally circular shape, a generally 
elliptical shape, a generally rectangular shape and a generally 
Square shape. 

9. A method as defined in claim 6, wherein the set of 
candidate virtual models includes candidate virtual models 
associated with different levels of fill. 

10. A method as defined in claim 6, wherein the set of 
candidate virtual models includes candidate virtual models 
associated to different liquid substances from a set of refer 
ence liquid Substances. 

11. A method as defined in claim 10, wherein the set of 
reference liquid Substances includes at least one reference 
liquid Substance that constitutes a threat. 

12. A method as defined in claim 6, wherein selecting at 
least one virtual model from the set of candidate virtual mod 
els comprises: 

a) simulating responses to X-rays of the candidate virtual 
models in said set of candidate virtual models to obtain 
simulated X-ray data; 

b) effecting a comparison between the simulated X-ray 
data and the X-ray data associated to the liquid product 
under inspection; 

c) selecting the at least one virtual model from the set of 
candidate virtual models as the virtual model of the 
reference liquid product at least in part based on the 
comparison between the simulated X-ray data and the 
X-ray data associated to the liquid product under inspec 
tion. 

13. A method as defined in claim 1, wherein the X-ray 
image data associated with the liquid product is obtained 
using a multi-view X-ray machine, said X-ray image data 
conveying a first X-ray image of the liquid product taken by 
Subjecting the liquid product to X-rays in a first orientation 
and a second X-ray image of the liquid product taken by 
Subjecting the liquid product to X-rays in a second orienta 
tion. 

14. A method as defined in claim 13, wherein said method 
comprises: 
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a) deriving a virtual model of the reference liquid product 
based at least in part on the first X-ray image and the 
second X-ray image; 

b) using the virtual model of the reference liquid product in 
simulating responses of the reference liquid product to 
X-rays in the first orientation to generate simulated 
X-ray image data. 

15. A method as defined in claim 1, said method compris 
1ng: 

a) placing the liquid product under inspection in a tray; 
b) introducing the tray and the liquid product in a scanning 

area of the X-ray imaging apparatus. 
16. A method as defined in claim 15, wherein the bottle 

holding the liquid has a top extremity and a bottom extremity, 
the method comprising positioning the bottle to induce a 
meniscus formed by the liquid in the bottle to migrate toward 
one of the extremities while performing the X-ray inspection 
of the liquid product. 

17. A computer program product, tangibly stored on one or 
more non-transitory computer readable storage media, for 
assessing a threat status of a liquid product under inspection 
at a security checkpoint, the liquid product being comprised 
of a bottle holding a liquid, wherein the bottle is at least 
partially filled with liquid, the program product comprising 
instructions that, when executed, cause a programmable sys 
tem including at least one programmable processor to per 
form operations, said operations comprising: 

i) receiving X-ray image data associated with the liquid 
product under inspection, the X-ray image data being 
derived by performing an X-ray scan of the liquid prod 
uct using an X-ray imaging apparatus, the X-ray image 
data conveying attenuation information resulting from 
interaction of X-rays with the liquid product under 
inspection; 

ii) simulating a response of a reference liquid product to 
X-rays to generate simulated X-ray image data, wherein 
the reference liquid product is derived at least in part by 
processing the X-ray image data associated with the 
liquid product under inspection; 

iii) comparing the simulated X-ray image data and the 
received X-ray image data to determine the threat status 
of the liquid product under inspection; 

iv) releasing information conveying the determined threat 
status of the liquid product under inspection. 

18. An apparatus for assessing a threat status of a liquid 
product under inspection at a security checkpoint, the liquid 
product being comprised of a bottle holding a liquid, wherein 
the bottle is at least partially filled with liquid, said apparatus 
comprising an input, a processing unit and an output, said 
apparatus comprising: 

i) an input for receiving X-ray image data associated with 
the liquid product under inspection, the X-ray image 
data being derived by performing an X-ray Scan of the 
liquid product under inspection using an X-ray imaging 
apparatus, the X-ray image data conveying attenuation 
information resulting from interaction of X-rays with 
the liquid product; 

ii) a processor in communication with said input, said 
processor being programmed for: 
(1) simulating a response of a reference liquid product to 

X-rays to generate simulated X-ray image data, 
wherein the reference liquid product is derived at least 
in part by processing the X-ray image data associated 
with the liquid product under inspection; 

(2) comparing the simulated X-ray image data and the 
received X-ray image data to determine the threat 
status of the liquid product under inspection; 
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iii) an output for releasing information conveying the deter 

mined threat status of the liquid product under inspec 
tion. 

19. A system suitable for assessing a threat status of a liquid 
product under inspection at a security checkpoint, the liquid 
product being comprised of a bottle holding a liquid, wherein 
the bottle is at least partially filled with liquid, said system 
comprising: 

a) an inspection device for performing an X-ray inspection 
on the liquid product using penetrating radiation togen 
erate X-ray image data associated with the liquid prod 
uct under inspection; 

b) an apparatus as defined in claim 18 for assessing the 
threat status of the liquid product under inspection; 

c) a display screen in communication with the output of 
said apparatus for visually conveying to an operator the 
assessed threat status of the liquid product under inspec 
tion based on information released by the apparatus. 

20. A system as defined in claim 19, wherein the inspection 
device is a multi-view X-ray machine. 

21. A system as defined in claim 19, wherein the inspection 
device is a single-view X-ray machine. 

22. A method for deriving a characteristic of a product 
under inspection using X-rays, the method comprising: 

a) receiving X-ray image data associated with the product 
under inspection, the X-ray image data being derived by 
performing an X-ray scan of the product under inspec 
tion using an X-ray imaging apparatus, the X-ray image 
data conveying attenuation information resulting from 
interaction of X-rays with the product under inspection; 

b) simulating a response of a reference product to X-rays to 
generate simulated X-ray image data, wherein the refer 
ence product is derived at least in part by processing the 
X-ray image data associated with the product under 
inspection; 

c) comparing the simulated X-ray image data and the 
received X-ray image data to derive the characteristic of 
the product under inspection; 

d) releasing information conveying the derived character 
istic of the product under inspection. 

23. A method as defined in claim 22, where the character 
istic is selected from the set consisting of material density, 
type of material, threat status, linear attenuation coefficient 
and effective atomic number (Z. number). 

24. A method as defined in claim 22, said method compris 
ing: 

a) deriving a virtual model of the reference product; and 
b) using the virtual model of the reference product in simu 

lating the response of the reference product to X-rays to 
generate the simulated X-ray image data. 

25. A method as defined in claim 24, wherein deriving the 
virtual model of the reference product comprises: 

a) generating a set of candidate virtual models; 
b) selecting at least one virtual model from the set of 

candidate virtual models at least in part by simulating 
responses to X-rays of the candidate virtual models in 
said set of candidate virtual models. 

26. A method as defined in claim 25, wherein the candidate 
virtual models are generated at least in part by: 

a) processing the X-ray image data associated with the 
product under inspection to derive geometric informa 
tion associated with the product; 

b) using the derived geometric information associated with 
the product to generate the set of candidate virtual mod 
els. 
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27. A method as defined in claim 25, wherein the set of 
candidate virtual models includes candidate virtual models 
associated to different substances from a set of reference 
Substances. 

28. A method as defined in claim 25, wherein selecting at 
least one virtual model from the set of candidate virtual mod 
els comprises: 

a) simulating responses to X-rays of the candidate virtual 
models in said set of candidate virtual models to obtain 
simulated X-ray data; 

b) effecting a comparison between the simulated X-ray 
data and the X-ray data associated to the product under 
inspection; 

c) selecting the at least one virtual model from the set of 
candidate virtual models as the virtual model of the 
reference product at least in part based on the compari 
son between the simulated X-ray data and the X-ray data 
associated to the product under inspection. 

29. A method as defined in claim 22, wherein the X-ray 
image data associated with the product under inspection is 
obtained using a multi-view X-ray machine, said X-ray image 
data conveying a first X-ray image of the product under 
inspection taken by Subjecting the product to X-rays in a first 
orientation and a second X-ray image of the product under 
inspection taken by Subjecting the product to X-rays in a 
second orientation. 

30. A method as defined in claim 29, wherein said method 
comprises: 

a) deriving a virtual model of the reference product based at 
least in part on the first X-ray image and the second 
X-ray image: 

b) using the virtual model of the reference product in simu 
lating responses of the reference product to X-rays in the 
first orientation to generate simulated X-ray image data. 

31. A computer program product, tangibly stored on one or 
more non-transitory computer readable storage media, for 
deriving a characteristic of a product under inspection based 
in part on an X-ray image of the product, the program product 
comprising instructions that, when executed, cause a pro 
grammable system including at least one programmable pro 
cessor to perform operations, said operations comprising: 

i) receiving X-ray image data associated with the product 
under inspection, the X-ray image data being derived by 
performing an X-ray scan of the product using an X-ray 
imaging apparatus, the X-ray image data conveying 
attenuation information resulting from interaction of 
X-rays with the product under inspection; 

ii) simulating a response of a reference product to X-rays to 
generate simulated X-ray image data, wherein the refer 
ence product is derived at least in part by processing the 
X-ray image data associated with the product under 
inspection; 

iii) comparing the simulated X-ray image data and the 
received X-ray image data to derive the characteristic of 
the product under inspection; 

iv) releasing information conveying the derived character 
istic of the product under inspection. 

32. An apparatus as defined in claim 18, wherein the ref 
erence liquid product is comprised of a reference bottle and a 
reference liquid. 

33. An apparatus as defined in claim 18, wherein said 
processor is programmed for: 

a) deriving a virtual model of the reference liquid product; 
and 

b) using the virtual model of the reference liquid product in 
simulating the response of the reference liquid product 
to X-rays to generate the simulated X-ray image data. 
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34. An apparatus as defined in claim33, wherein the virtual 

model of the reference liquid product conveys 3-D geometric 
information associated with the reference liquid product. 

35. An apparatus as defined in claim33, wherein the virtual 
model of the reference liquid product conveys location infor 
mation associated with a meniscus formed by liquid. 

36. An apparatus as defined in claim 33, wherein deriving 
the virtual model of the reference liquid product comprises: 

a) generating a set of candidate virtual models; 
b) selecting at least one virtual model from the set of 

candidate virtual models at least in part by simulating 
responses to X-rays of the candidate virtual models in 
said set of candidate virtual models. 

37. An apparatus as defined in claim 36, wherein the can 
didate virtual models are generated at least in part by: 

a) processing the X-ray image data associated with the 
liquid product under inspection to derive geometric 
information associated with the liquid product; 

b) using the derived geometric information associated with 
the liquid product to generate the set of candidate virtual 
models. 

38. An apparatus as defined in claim 36, wherein generat 
ing the set of candidate virtual models includes generating 
virtual models of bottles having cross-sectional shapes 
selected from the set consisting of a generally circular shape, 
a generally elliptical shape, a generally rectangular shape and 
a generally square shape. 

39. An apparatus as defined in claim 36, wherein the set of 
candidate virtual models includes candidate virtual models 
associated with different levels of fill. 

40. An apparatus as defined in claim 36, wherein the set of 
candidate virtual models includes candidate virtual models 
associated to different liquid substances from a set of refer 
ence liquid Substances. 

41. An apparatus as defined in claim 40, wherein the set of 
reference liquid Substances includes at least one reference 
liquid Substance that constitutes a threat. 

42. An apparatus as defined in claim 36, wherein selecting 
at least one virtual model from the set of candidate virtual 
models comprises: 

a) simulating responses to X-rays of the candidate virtual 
models in said set of candidate virtual models to obtain 
simulated X-ray data; 

b) effecting a comparison between the simulated X-ray 
data and the X-ray data associated to the liquid product 
under inspection; 

c) selecting the at least one virtual model from the set of 
candidate virtual models as the virtual model of the 
reference liquid product at least in part based on the 
comparison between the simulated X-ray data and the 
X-ray data associated to the liquid product under inspec 
tion. 

43. A computer program product as defined in claim 31, 
wherein the reference liquid product is comprised of a refer 
ence bottle and a reference liquid. 

44. A computer program product as defined in claim 31, 
wherein said operations comprise: 

a) deriving a virtual model of the reference liquid product; 
and 

b) using the virtual model of the reference liquid product in 
simulating the response of the reference liquid product 
to X-rays to generate the simulated X-ray image data. 

45. A computer program product as defined in claim 44. 
wherein the virtual model of the reference liquid product 
conveys 3-D geometric information associated with the ref 
erence liquid product. 
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46. A computer program product as defined in claim 44. 
wherein the virtual model of the reference liquid product 
conveys location information associated with a meniscus 
formed by liquid. 

47. A computer program product as defined in claim 44, 
wherein deriving the virtual model of the reference liquid 
product comprises: 

a) generating a set of candidate virtual models; 
b) selecting at least one virtual model from the set of 

candidate virtual models at least in part by simulating 
responses to X-rays of the candidate virtual models in 
said set of candidate virtual models. 

48. A computer program product as defined in claim 47, 
wherein the candidate virtual models are generated at least in 
part by: 

a) processing the X-ray image data associated with the 
liquid product under inspection to derive geometric 
information associated with the liquid product; 

b) using the derived geometric information associated with 
the liquid product to generate the set of candidate virtual 
models. 

49. A computer program product as defined in claim 47, 
wherein generating the set of candidate virtual models 
includes generating virtual models of bottles having cross 
Sectional shapes selected from the set consisting of a gener 
ally circular shape, a generally elliptical shape, a generally 
rectangular shape and a generally square shape. 
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50. A computer program product as defined in claim 47. 

wherein the set of candidate virtual models includes candi 
date virtual models associated with different levels of fill. 

51. A computer program product as defined in claim 47. 
wherein the set of candidate virtual models includes candi 
date virtual models associated to different liquid substances 
from a set of reference liquid substances. 

52. A computer program product as defined in claim 51, 
wherein the set of reference liquid substances includes at least 
one reference liquid substance that constitutes a threat. 

53. A computer program product as defined in claim 47, 
wherein selecting at least one virtual model from the set of 
candidate virtual models comprises: 

a) simulating responses to X-rays of the candidate virtual 
models in said set of candidate virtual models to obtain 
simulated X-ray data; 

b) effecting a comparison between the simulated X-ray 
data and the X-ray data associated to the liquid product 
under inspection; 

c) selecting the at least one virtual model from the set of 
candidate virtual models as the virtual model of the 
reference liquid product at least in part based on the 
comparison between the simulated X-ray data and the 
X-ray data associated to the liquid product under inspec 
t1On. 
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